






POWER _ 


























Volume 52 New York, August 9 1920 Number 5 








Pegs set 

OOo ELLA 
MB Pa Gi 
LED FA, ey 
LAL fede Y 


Z Ai] |] 
Ze y Wy 


LFA, Z. i; 
tip / 
Ly Mls! 
Yi As 
Mi, 
Ig fy 
ZB 


































WN \ . 

fA YY “ ak 
‘CNX SS YAYY 
NX \ QQ \ 


x 
UK SS . N 


\ 


RSS RAMAN SOON 


SN 
NX 
\ 


SY 
WAY INA 
. “a 













= 


{ “ °Y tttte: 
NE DS 
Let — ey i ~ 


AD 

a iy Ah 
AF es eal 
ISSN Z LSE _ | 











) E Z) 
PoR Vyo, 
s S=- CSL, 
ttt ep, 
orig \2IVA A 





S - . | . \\\Ye- ul RS 3 
( ay > ' Ne > ° Y 
‘ Seek fll) PON ZY OW 
“lich | ARN ld YW 
1) AS AAS 
iN “0 YJ 


2 Ao i NAS, 
LY Ness ry | a Ce Ui iD We” G7 


How Long Will This Condition Endure? 









ane a ce 








POWER 





Vol. 52, No. 5 


Connected Load Versus Generator Capacity 


By FRASER JEFFREY 


Electrical Engineer, Allis-Chalmers Manufacturing Company 





Application of load in power plants having small 
power resources is a real problem—not a hit-and- 
miss proposition with troubles numerous and 
varied as an aftermath. There are limitations to 
field excitation, and the power factor of the load 
has a direct bearing, particularly during the 
starting periods of squirrel-cage induction motors. 





isolated plants and central stations furnishing 

power to the local districts in their immediate 
vicinity. When these stations are located in a village 
or town, they usually supply street lighting and some- 
times a connected power load for motor-driven ice ma- 
chines and pumping units for town supply purposes. In 
addition to this there is a certain amount of industrial 
and private lighting load requiring electrical energy 
for the operation of this equipment. 

In some of these plants the generating machinery 
consists of two prime movers so arranged that both 
units are run during the daytime when the maximum 
power-load condition prevails, and only one unit during 
the night to take care of the lighting and small power- 
load demand. In others of these stations only one prime 
mover is to be found, the daily 24-hour load factor being 
maintained as high as possible by operating the ice and 
pumping plants during the night, to balance up on the 
demand during the day. 

There is always a temptation on the part of these 

small central stations, whether the equipment is driven 
by steam, gas engine or waterwheel, to accept contracts 
for delivering energy for operating a comparatively 
large number of induction motors which at times may 
be greatly underloaded or for operating induction mo- 
tors relatively large as compared to the capacity of the 
generating equipment. Offhand it would appear to be 
a good thing to load up an otherwise underloaded equip- 
ment with a large number of motors or one or two big 
motors. However, the conditions are frequently not 
fully appreciated at the time these contracts are made. 
Everything runs along nicely until the new load is placed 
on the line, and the realization then comes that things 
are not as they should be. 
This condition of affairs 
applies not alone to the 
small central station, but 
to every other small plant 
such as might be found in 
any manufacturing con- 
cern generating electrical 
energy for its own imme- 
diate needs. It is a con- 
dition of affairs brought 
about through lack of a 
thorough understanding of 
some of the inherent char- 
acteristics of the prime 
mover, the electrical gen- 
erating equipment, or the 
connected load in all of 
their essential points. ° 


G insite throughout the country are many small 





FIG. 1. STEAM-DRIVEN UNIT OF 100-KW. CAPACITY AT 80 
PER CENT POWER FOCTOR 


Consider a modern alternating-current system of 
generation such as is used in many small plants. A 
concrete example will show some of the inherent features 
of this type of equipment. Take, for example, a station 
having a single high-speed, direct-connected steam- 
driven unit similar to Fig. 1. The machine has a rating 
of 125 kva., maximum at 80 per cent power factor, 2,300 
volts, 31.4 amperes, three-phase, 60 cycles, 257 r.p.m. 
Confining ourselves to the electrical end only of this 
equipment, the rating of the generator may be stated 
in a somewhat different manner. It might be said that 
the machine in question is capable of delivering 125 kva. 
(kilowatt-amperes) to a system requiring this amount 
of energy at 80 per cent power factor. In a three-phase 


alternator kva. — are ~ ; in the machine under 
; ; _ 2,800 X 31.4 K 1.732 | 
discussion, kva. = —_— = 125. Or 


it may be said that the machine will deliver 100 kw. of 
true energy at 80 per cent factor. The true power 
kw. (kilowatts) delivered by a three-phase generator 


is kw. = — 1,000 , where EF equals the 


volts between terminals, J equals the current per ter- 
minal and P.F.. equals the power factor. In our problem 
kw. = a ae == 100. Any alter- 
nating-current generator is capable of maintaining its 
voltage at normal speed and delivering an amount of 
wattless current (zero power factor) equal to the limit 
of its capacity, but represents zero energy or power. 
Under such conditions the engine would have to supply 
only the copper and iron losses in the generator, as it 
is delivering no true energy. It is therefore seen that 
in any alternating-current system the question of power 
factor cannot be overlooked. 

Knowing the effect of power factor on the true power 
delivered, the limitations of an alternator can be best 
considered by referring to the curves in Fig. 2, showing 
the characteristics of the 125-kva. 80 per cent power 
factor 2,300 volt machine previously mentioned. If the 
terminals of the generator, when operated at its normal 
speed, are open-circuited and the fields excited with 
gradually increasing in- 
crements of direct cur- 
rent, then the terminal 
voltage for any given field 
excitation is shown by the 
no-load saturation curve 
A. If a 100 per cent power 
factor load of normal ra- 
ting (31.4 ampere) is pro- 
vided, more field excita- 
tion, 35 amperes, is re- 
quired, as indicated by 
curve B, to maintain the 
terminal voltage of 2,300 
than for no load. This is 
due to the impedence volt- 
age drop in the armature 
and also the reactions of 
the load currents tending 








{- 


ts 
of 


Yr. 
ly 


at 
er 


rer 
ast 
ng 
yer 
che 
nal 
ith 


ur- 
nal 
ield 
the 
irve 
wer 
ra- 
pro- 
ita- 
re- 
by 
the 
300 
is is 
volt- 


ture 
s of 
ding 





August 3, 1920 





to shift the field magnetizing flux, so that it is not as ef- 
fective under load conditions as it is under no-load con- 
ditions. Curve C shows the further increased demagnet- 
ization effect of an inductive full-load current of 31.4 
amperes at 80 per cent power factor. A field current of 
48.5 amperes is required to maintain normal voltage. If 
an inductive full-load current of 31.4 amperes at zero 
power factor is provided (by means of special tests and 
test machines), still more field excitation, 57.5 amperes, 
is required to maintain the terminal voltage, as shown 
by curve D. Therefore it can be seen that in order to 
maintain the terminal voltage under full-load conditions 
and normal speed with gradually decreasing power fac- 
tors, increased field excitation is required. 

It is evident that there must be some limit to the 
maximum excitation that the fields of the generator 
can safely carry. Referring to Fig. 2, it is found that 
if the current in the field coils is maintained at any 
given value until the temperatures become constant, the 
temperature rise in the field coils, by resistance ex- 
pressed in per cent, is shown by curve E. For full 
voltage of 120 on the exciter, the fields heat up 18.8 per 
cent (by resistance) and the maximum field excitation 
possible with hot fields is 52 amperes. It is, therefore, 
not possible to carry full-load current at zero power 
factor on the machine under consideration, because the 
limitations of the fields are such that the normal ter- 
minal voltage of 2,300 cannot be maintained. The ma- 
chine is designed to carry its full-load current of 31.4 
amperes at 80 per cent power factor and requires 48.5 
amperes excitation. The fields have a slight margin 
up to 52 amperes, which can be used in cases of emer- 
gency such as short periods of overloads, temporary 
loads at power factors less than 80 per cent, etc. 

On the 125-kva. generator under discussion, when 
carrying its full load at 80 per cent power factor, the 
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FIG. 2. CHARACTERISTIC CURVES OF THE 125-KVA. 
GENERATOR 


fields heat up 16 per cent (by resistance) or, in terms 
of temperature, rise above an ambient air temperature 
of 40 deg. C. (104 deg. F.), the temperature rise in 
degrees Centigrade equals 16 — (100 0.00364) = 
44, where 0.00364 is the temperature coefficient of cop- 
per at 40 deg. C. (104 deg. F.). 

To obtain the hot-spot correction according to the 
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accepted rules of the American Institute of Electrical 
Engineers, a correction of 10 deg. C. (18 deg. F.) must 
be added to the value given, making a total temperature 
rise of 44 + 10 — 54 deg. C. (129 deg. F.). This is not 
unreasonable and is within the generally accepted safe 
working temperature for this class of machine. Fur- 
thermore, the field margin is small, and even under 
maximum field conditions such as might be used tem- 
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porarily, the greatest temperature rise possible is 18.8 
per cent = 51.5 + 10 = 61.5 deg. C. (142.4 deg. F.). 

It then follows that a knowledge not only of the 
amount of actual load, but also of the power factor, must 
be given careful consideration. In addition to this the 
speed regulation of the steam engine, gas engine or 
waterwheel driving the generator cannot be overlooked. 
The curves of Fig. 2 are based on the exact normal 
speed of 257 r.p.m. being maintained. Any falling off 
in the speed immediately reflects in a falling off in the 
terminal voltage unless the field excitation can be 
increased to make up the discrepancy. 

The small power plant is liable to load up, or to slightly 
overload a generator with a number of induction motors 
having a fairly low power factor. If the motors are 
underloaded, as is often the case, the condition may be 
further aggravated by still lower power factors, so much 
so that the alternator is unable to hold up its terminal 
voltage, as shown by curve F, Fig. 2. Sometimes the 
exciter is speeded up to give a higher voltage and thus 
afford the greater excitation necessary to hold up the 
voltage. The point is often overlooked that by so doing, 
the heating in the fields may be increased to a dangerous 
extent. 

Another direct effect of low power factor is a decided 
falling off in efficiency. This is natural because the 
increased field current necessary to sustain the terminal 
voltage incurs an added loss in the field copper itself. 
Inasmuch as the power output remains constant and the 
losses increase, the efficiency drops off. This is shown 
by Fig. 3, which gives the actual efficiency curves for 
the 125-kva. alternator whose characteristics are shown 
in Fig. 2. 

‘Consideration has been given to the effect of inductive 
loads as might be obtained by using a number of induc- 
tion motors which at times may be greatly underloaded. 
There is, however, another important point relative to 
the use of this type of motor, which offhand might not 
seem of any great consequence. It is a question that 
requires a knowledge of the starting phenomena of 
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induction motors and can best be understood by a direct 
example. 

Suppose that the 125-kva. alternator is carrying a 
load of only 70 kw. at 80 per cent power factor, or 87.5 
kva. It might appear advisable to take on an additional 
load of a 40-hp. 2,300-volt induction motor of the squir- 
rel-cage type. Combining this with the original load 
would give a total combined load on the generator of 
just about full load, or if the full-load efficiency of the 
induction motor is 92 per cent, the combined load would 
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across the line. Incidentally, it is less of a shock to the 
motor and to the driven machine. After the motor is up 
to speed, the stator winding is connected directly across 
the line, as in diagram B, Fig. 7. 

Assume that the 40-hp. motor in question, if thrown 
directly across the line, will draw a current of 59 am- 
peres, or 6.5 times normal. While this is an unusual 
amount of current, it is characteristic of this type of 
machine. Another inherent feature is that the power 
factor is extremely low during the starting period, and 
in this particular case is 30 per cent, a 
fair average for this class of motor. 

If starting by means of a potential 
starter, sketch A, Fig. 7, the torque 
conditions require the motor to be con- 
nected to the system on the 65 per cent 
tap, the current drawn by the motor 
(neglecting all line losses) equals 59 & 
0.65 — 38.4 amperes, and the current 
drawn from the line is 59 « 0.65 
0.65 — 25 amperes. This current has 
a power factor practically the same as 





the full short-circuit current of the 
motor. Combining it vectorially in Fig. 
4, with the 22 amperes load at 80 per 
cent power factor on the generator, it is 
found that the resultant current has a 
value of 44.75 amperes at 56 per cent 
power factor. Referring back to Fig. 2, 
curve G shows the relation between 
terminal voltage and excitation required 
to maintain the generator voltage with 
this load at this particular power fac- 











FIGS. 4, 5 


AND 6. 
OBTAIN RESULTANT LOAD 


equal 70 + (40 0.746 ~ 0.92) — 102.5 kw. of true 
power. 
If the full-load power factor of the induction motor 
is 90 per cent, then its full-load current equals 
40 X_0.746 Z 
2,300 X 1.732 X 0.92 X 0.90 
may be represented to scale in magnitude and time phase 
relationship by the line AB, Fig. 5. Similarly, the line 
AC represents in like manner the 70 kw. at 80 per cent 
70 X 1,000 — 
2,300 * 1.732 x 0.80 ~— 
22-ampere load. Combining these two vectorially, the 
resultant load is shown by the line AD and is 31 am- 
2,300 X 31 X 1.732 
peres or ——— 1,000. 


102.5 
new power factor equals 123.5 = 0.83. 


= 9.05 amperes, and 


power factor equals 


= 123.5 kva., and the 


It will be noticed that the addition of the 40-hp. 
induction motor has raised the power factor of the whole 
system 3 per cent; that is, from 80 to 83 per cent. Ap- 
parently this is a good thing, but a study of the starting 
conditions of the squirrel-cage motor are necessary to 
determine all the effects the motor load has as regards 
the regulation of the alternator. . 

The usual method of starting a squirrel-cage induction 
motor is by means of a potential starter which impresses 
on the terminals of the stator winding a voltage less 
than normal in order to minimize the line disturbance 
that would be created by throwing the motor directly 


COMBINING LOADS VECTORIALLY TO 


tor. It can be seen that even with full 
field, and assuming the ideal condi- 
tion of constant engine speed, the gen- 
erator voltage cannot be maintained. 
The fact must not be lost sight of that the starting 
period of the motor is more or less of a temporary 
condition. Under usual favorable conditions it 
should not exceed one minute. In the present case, 
if it were possible for the engine to maintain its 
speed, the generator voltage would drop, with full field 
excitation, to 1,690 volts, and the period of starting 
would be lengthened to possibly three or four minutes. 
The whole situation would undoubtedly be further ag- 
gravated by a considerable drop in the engine speed, 
tending to a still further drop in the line voltage. Al- 
though the motor would probably start and come up to 
speed provided the torque requirements were not too 
great, it is seen that a considerable disturbance is cre- 
ated on the line. This is enough to cause a distinct 
flickering of any lights as well as to create the liability 
of knocking out any other induction motors that might 
be on the system, because it must be remembered that 
the output and torque of these machines varies as the 
square of the impressed voltage. 

To alleviate the conditions as much as possible, some 
type of automatic voltage regulator in the field of the 
alternator would be necessary, for it is self-evident 
that hand regulation of the field would not act rapidly 
enough to meet the conditions of a rapidly fluctuating 
load. Even the addition of such a device, while tending 
to maintain an even terminal voltage under erratic 
loads, would not prevent subnormal voltages in case the 
load demand should exceed the limitations of the field. 
A solution of this particular problem, provided the 
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squirrel-cage motor cannot be started under light load 
or on a lower tap of the potential starter, can be found 
in the use of a slip-ring type induction motor. Unlike 
the squirrel-cage machine, which exerts a relatively 
small amount of torque with large currents at low power 
factor when starting, the slip-ring motor exerts a rela- 
tively large amount of torque with a minimum current 
at high power factor, under the same conditions. The 
torque, current and power-factor characteristics during 
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FIG. 7. MOTOR STARTING AND RUNNING CONNECTIONS 


starting are dependent on the control apparatus used. 
Ordinarily, standard control apparatus is made so that 
the motor exerts 125 per cent of normal torque with 125 
per cent of normal full-load current and a power factor, 
under these conditions, corresponding to 125 per cent 
running load power factor. 

The resultant load current and power factor, assuming 
125 per cent starting current at 90 per cent power 
factor, when replacing the squirrel-cage motor with the 
same size of slip-ring motor, is shown in Fig. 6. Trans- 
mitting this back to Fig. 2 curve J indicates that the 
generator will have no trouble in holding up its voltage 
provided the regulation of the engine is all that it 
should be. 

Briefly summarizing, it may be stated that the ex- 
amples and problems as given previously cover only the 
specific questions in point. Undoubtedly, problems en- 
tirely foreign to those cited may come up; different con- 
ditions may prevail; methods for relieving loads on 
squirrel-cage motors during starting might be used in 
some cases to get around the use of the slip-ring motor. 
Large plants with practically unlimited power resources 
encounter different problems from those of the small 
plant having small power capacity. A knowledge of 
their limitations is required for their successful opera- 
tion. ‘ ‘Application is not just a hit-and-miss proposition ; 
it is coming to be more and more recognized as a very 
important subject. 
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Fuel Economy Outside the 


Boiler Room 
By ROWLAND L. TULLIS 


A great deal has been written on the subject of 
economy in the boiler room, and much of it has no 
doubt been read, digested and put to good use by both 
operating and chief engineers. This is both fit and 
proper. It is absolutely necessary that the engineer 
do his best to produce steam as economically as pos- 
sible, but it is a waste of human energy as well as 
mechanical energy for an engineer to produce ecenom- 
ically and later allow it to go to waste or use it 
uneconomically. In too many cases this is exactly what 
happens. An example of this is shown in the case of 
the chief engineer of a large hotel who made such a 
mistake, and whose mistake was rectified by another 
who went outside the engine room to look for trouble. 

The hotel had originally consisted of one four-story 
wooden wooden-framed building of about 160 rooms. 
Although the building could not be called modern in 
any respect, the management seemed to make money out 
of it and soon acquired a six-story building next door. 
Finally, they erected a thirteen-story, modern fireproof 
structure on the corner, making altogether a hotel of 
more than a thousand rooms. A large, modern hotel 
power plant was installed in the new building, designed 
to supply heat, light and power for the entire property, 
consequently the power plant in the old building was 
shut down, and the chief engineer was transferred to 
the new plant with an increase in salary. 

This man was considered a competent and reliable 
engineer by his employers. He had been with them for 
many years, and they had been well satisfied with the 
service that he rendered. Two years ago he died and 
a new man was hired. As is usually the case, the - 
hotel owners entertained some grave misgivings about 
the selection of a stranger to fill the old chief’s place. 

The new chief engineer was a man of long and varied 
experience and had come well recommended. Like every 
ambitious engineer taking a new position, he was on a 
constant lookout for a chance to better the service, 
decrease operating expenses or increase the economical 
operation of the plant. There is no doubt that he was 
looking for a chance to make a reputation for himself 
and thereby increase his monthly compensation. 

First he made a careful survey of the boiler room, 
which contained four 250-hp. water-tube boilers. He 
found that the boilers were fired properly, that the 
settings were in almost perfect condition and that the 
draft was closely regulated. An evaporation test showed 
that the old chief had been evaporating as much water 
as was humanly possible with the grade of fuel that 
was burned. There was absolutely no chance to make a 
reputation for himself in the boiler room, so the new 
chief turned his attention to the engine room. He 
examined the engines, put his indicator to use, and even 
went so far as to take off the heads and examine the 
cylinders, pistons and rings, but he found nothing that 
would give him an opportunity to make improvements. 
He was about to give up in disgust as it was evident 
that the old chief had been wide awake. Finally he 
decided to go over all the steam traps and the heating 
system in the building in a last endeavor to find some 
place where he could make an appreciable saving in 
steam. He didn’t have far to go until he began to 
find troubles and opportunities a-plenty. 
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As is usually the case in a hotel power plant, the 
exhaust lines and drain lines from the engines, steam 
separators and traps were run in tunnels or trenches 
beneath the engine-room floor, the trenches being cov- 
ered with diamond-plate. The casual observer would 
never suspect that beneath this diamond-plate flooring 
was hidden a maze of pipe lines, valves and traps. 
Unless something went wrong the average engineer 
would never go to the trouble of lifting the plates 
to see what was under them. 

The engines had steam jackets provided with drains 
at both ends. These led to traps which discharged into 
the exhaust line from the engines. The chief found 
the traps on all the drain lines in a bad state of repair. 
Consequently, live steam was blowing through into the 
exhaust line. A number of the traps were shut off 
entirely, the bypasses were open and steam was being 
wasted where it couldn’t be seen and where it would be 
least expected. Similar trouble was found on the 
kitchen and laundry lines. Many of the traps were full 
of mud or sediment which had been carried over from 
the boilers when they carried over water. The chief 
saw to it that every trap in the building was thoroughly 
cleaned and overhauled, and valves and seats were 
ground or replaced with new, where necessary. 

Next he discovered that they were using a great 
amount of live steam for heating purposes throughout 
the building in cold weather, although the exhaust from 
the engines should be sufficient under all conditions. 
A few days later he took an entire day to go over the 
heating system with the house plumber, who was thor- 
oughly acquainted with all the details of the system. 
The heating system of the new twelve-story building 
was found to be almost perfect. It was a modern two- 
pipe vacuum system with an individual trap on each 
radistor; steam was supplied to the radiators at from 
four to five pounds pressure, and returns were cared 
for by a vacuum pump in the engine room. The house 
plumber explained that he seldom had any trouble with 
this section of the hotel, but complaints were pouring 
in every day about the old section. It was almost 
impossible to keep the rooms warm with the present 
arrangement of heating. 

The oldest part of the hotel, consisting of about four 
hundred rooms, was divided into two separate buildings 
each with its individual heating system. One section 
of the old building was equipped with the single-pipe 
system; that is, the steam was supplied to the radiators 
and the condensation returned through the same line 
to the basement of the building, where it was received 
by a master trap and dumped back to the feed-water 
heater in the engine room. It was about a hundred 
yards from the basement of this building to the new 
engine room. The whole arrangement was obsolete and 
sluggish in action. Occasionally, the master trap would 
refuse to work and the entire system would fill with 
condensation. Live steam would then be turned on, 
but would do no good as long as the condensation was 
in the system. 

The heating system of the other section of the old 
building was even more obsolete in design and arrange- 
ment. There was a large hot-water heater of the 
horizontal-tubular type in the basement, and a small 
motor-driven centrifugal pump received hot water from 
this heater and circulated it through the radiators. The 
water was heated by a combination of live and exhaust 
steam, and the 1}-in. live steam inlet was usually open. 
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After making a detailed survey of the situation, the 
chief made a lengthy report to the office and had a talk 
with the hotel owner. In a few words he put it squarely 
up to him that it would cost about two thousand dollars 
to remodel the heating system. Most of the old piping 
could be used, but return lines and traps would have 
to be supplied for all the radiators. The owner kicked 
a little at first on the expenditure, but the engineer 
was adamant and finally got what he was after. The 
two-pipe vacuum system was finally installed and put 
into operation. There is no further need of live steam, 
seldom does a complaint come from the old building and 
the chief showed a saving in fuel oil last year of over 
twelve thousand dollars. His yearly remuneration is 
now $3,500, while his predecessor received a _ scant 
$2,000. 


Good Lighting in Power Stations 


There used to be a time when a power station was 
considered naturally black inside and outside. Owners 
perhaps thought that coal-blackened firemen fitted better 
into a kindly atmosphere of blackness. But that day 











BOILER ROOM, LOOKING EAST 


has gone by. Power stations should be as light as a 
factory or a dairy lunch room. This is not only for 
the appearance of the station, but because good light- 
ing has proved economical in inciting efficient, cheerful, 
safe work by the men in the station. The importance 
of good lighting has been proved everywhere in fac- 
tories and it is no less important in power stations. 
Good lighting pays dividends through contented men 
and neat scientific operation. That is why power-station 
engineers and directors arrange for it. 

The photograph shows the interior of the boiler 
room of the New Bedford Gas and Edison Light Co.’s 
power station built by Stone & Webster. Here excel- 
lent lighting is incorporated into the design. 
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I'he Emmet Mercury Boiler 
A Binary-Vapor Power Plant Using Mercury Vapor and Steam 





that the efficiency of 

any heat engine may 
be increased by increasing 
the temperature range 
through which it works. 
There are two ways to do 
this. One is to lower the 
temperature of the ex- 
haust, and the other is to 
raise the temperature of 
the supply. The minimum 
exhaust temperature is, of 
course, limited by the tem- 
perature of the available 
cooling water. The tem- 


[: IS a well-known fact 


“Power.” 





A brief account of a plan to use mercury vapor 
and water vapor for the generation of power 
appeared in the March 31, 1914, issue of 
That article was an abstract of a 
paper presented before the American Institute 
of Electrical Engineers by the inventor, W. L. 
R. Emmet. Further development work has been 
done on the apparatus, although necessary war- 
time activities have interfered somewhat. In 
spite of such interference much experimental 
information has been acquired. 


the steam drum down into 
the condenser. The ex- 
haust from the mercury 
turbine is condensed on 
the surface of these tubes, 
and as the boiling point of 
the mercury at 28 in. va- 
cuum is 455 deg. F., steam 
may be generated inside 
the tubes. Circulation in 
the tubes is provided by 
smaller tubes inside them, 
leading from the steam 
drum, which corresponds 
to the upper drum of a 








perature of the supply is 
limited by the temperature of combustion of the fuel, 
and in a steam engine is further limited by the proper- 
ties of steam. At reasonably high temperatures the 
pressure of steam becomes too great for convenient 
commercial: operation. 

To overcome.-this difficulty, Mr. Emmet has designed 
a binary-vapor plant using mercury vapor and water 
vapor. Mercury boils and condenses exactly like water 
except that its density is much greater and its boiling 
temperature much higher. For example, at atmos- 
pheric pressure mercury boils at 677 deg. F. and 
condenses in a 28-in. vacuum at 455 deg. F. The cor- 
responding temperatures for water would be 212 deg. 
F. and 101 deg. F. respectively. Briefly, Mr. Emmet’s 
scheme is as follows: Mercury is boiled in a boiler 
similar in principle to, but differing greatly in detail 
from, an ordinary steam. boiler, and the mercury vapor 
produced is used to run a turbine. The exhaust from 
the mercury turbine is condensed in a form of surface 
condenser, which is also a boiler. The heat given out 
by the condensing mercury vapor makes steam of the 
cooling water, and this steam may be used to drive 
another turbine or for any other purpose for which 
steam may be required. The chief difficulties seem to 
be the large amount of mercury needed and the danger 
of leaks, as the mercury vapor is very poisonous. 

The illustration (see insert) represents diagram- 
matically the elements of Mr. Emmet’s apparatus. The 
products of combustion from the furnace pass upward 
through part of the tubes which form the heating sur- 
face of the mercury boiler, and then forward among the 
remainder. These tubes are connected to the lower 
mercury chest, which might be called the mud drum 
in a steam boiler and to the mercury header correspond- 
ing to the steam drum in an ordinary boiler above. 
Mercury vapor at about 10 lb. gage pressure is col- 
lected in the header and passes through the pipe shown 
to the mercury turbine. Owing to the high density 
and low spouting velocity of the mercury vapor this 
turbine may be a single-stage machine, of reasonably 
low speed, and may have short buckets. The wheel may 
be placed inside the mercury condenser for simplicity. 

The mercury condenser consists of a tank, as shown, 


supporting another tank marked “Steam Drum.” A 
number of straight tubes extend from the bottom of 


water-tube boiler. The 
steam that is generated in 
this condenser-boiler is led through the pipes marked 
“To Superheater” through the superheater and finally 
through the steam main to wherever the steam is to be 
used. The steam condensate, whether from a steam 
turbine or engine, heating system or manufacturing 
process, is returned to the condensed steam receiver. 
From here it is pumped to the feed-water heater, which 
is really an economizer. This feed-water heater is 
shown in the illustration directly below the mercury 
condenser. From here the water returns to the steam 
boiler, thus completing its cycle. ° 

The mercury condensate is drained from the bottom 
of the mercury condenser to the lower mercury header 
and thence to the mercury boiler. The high density 
of mercury renders a feed pump unnecessary, as by 
setting the condenser above the boiler the latter can 
be fed by gravity. 

The foregoing covers the general principle of the 
apparatus, but certain refinements seem necessary for 
its practical application. 

The quantity of mercury that would be required if an 
ordinary steam-type boiler was used would make the 
cost prohibitive. For this reason a special type of boiler 
had to be designed to give a maximum heating surface 
and at the same time require a minimum amount of 
mercury. The first designs for the boiler proper called 
for the use of flattened tubes for the elements of the 
boiler. This shape of cross-section gives much more 
heating surface with less volume of liquid than a cir- 
cular tube would give. The later designs call for 
sections of similar shape, but made up of sheet metal. 
Experiments are now going on to determine the neces- 
sary proportions of such elements to provide for proper 
liquid circulation and release of vapor. 

The question of preventing leaks was a serious one, 
as even a small amount of mercury vapor leaking into 
the engine or boiler room would poison all the operators. 
Great care was exercised in the design and in the 
construction of the fittings and pipes containing the 
mercury vapor, the mercury parts of the outfit are run 
at low pressure so that there is a minimum tendency 
to leakage and means are provided to condense and save 
all mercury which leaks from joints. The diaphragm 
valve, which is shown on the mercury-vapor pipe near 
the mercury turbine, is simply a safety relief valve. 
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This safety valve, instead of discharging into the open 
air, is arranged to discharge into the mercury con- 
denser. 

The temperature of the mercury in the boiler is so 
high that the temperature of the flue gases leaving the 
tubes would be entirely too high for conomical operation 
if they passed directly to the stack. To avoid such 
losses the flue gases, after leaving the tubes of the 
boiler, pass over a mercury preheater (not shown in the 
illustration), then over the steam superheater, and 
finally over the feed-water heater or economizer, and 
then to the stack. In this way the temperature of 
the gases entering the stack can be made as low or 
even lower than would be possible with a steam boiler 
plant of the ordinary type. 

It should be remembered that a steam turbine is not 
an essential part of this device, but the intention is 
to afford a substitute for the existing boiler. The 
steam may be used as it now is for any desired purpose. 
The mercury acts as a conveyor of heat from the fur- 
nace to the steam and incidentally delivers a certain 
amount of power as a byproduct. A large part of the 
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power generated in the mercury turbine is net gain, 
as it comes in part from heat that would otherwise 
be rendered unavailable by the great drop in tempera- 
ture between the furnace gases and the steam. 

Another advantage of this process is that the interior 
of that part of the boiler exposed to the fire is always 
perfectly clean. Also the boiler in which steam is made 
is subject to no large temperature differences. 

Mr. Emmet has claimed that by the addition of this 
device to an assumed good modern power station with 
an increase of 15 per cent in the amount of fuel used, 
the same amount of steam can be supplied to the steam 
turbine as under present conditions, and the mercury 
turbine will generate power equal to about 66 per cent 
of the power generated by the steam turbine. This 
results in a gain in station capacity of approximately 
66 per cent with an increase of only 15 per cent in the 
amount of fuel required. 

The experimental equipment was in operation for a 
short time last summer with over 1,000 kw. load on 
the mercury turbine, and its operation showed that the 
economies predicted were fully realized. 


Refrigerating Plants 


How a Faulty Gate Valve in the Brine-Circulating System of a Southern Packing 
House Plant Causes a Freeze-Up of Nearly the Entire System 


Br Jd. C. 


two 75-ton machines, one of them working direct 

expansion on the sharp freezers and other low-tem- 
perature work, while the other was run on a brine 
cooler of the triple-pipe type, which cooled the brine used 
for cooling the chill rooms and other high-temperature 
work. The engineer had originally been a steamfitter 
around the plant, and when the old engineer died he got 
his job. The fitter had been in charge about three 
months when I came to town, and soon he came over and 
got acquainted. He had trouble in keeping the tempera- 
tures down, and he came to me, seeking advice. After 
looking the job over, I set him straight and gave him a 
few pointers on how to handle the machines. As a con- 
sequence he began to call regularly whenever anything 
went wrong that he could not at once remedy. 

One Monday morning he came in on the run and asked 
me to come over right away. I went back with him. It 
seems that the trouble started during the night, yet no 
one could find anything wrong with the machine, which 
was the one working on the brine cooler and seldom 
caused any trouble. First the machine began to freeze. 
The night man had pinched back on the expansion valves 
until they were almost entirely shut without helping 
things in the least. At the same time the suction pres- 
sure had dropped until it was somewhere around 5 in. 
vacuum with the machine running slow. The condenser 
pressure had dropped to less than a hundred pounds 
while normally they carried about 140 lb. at this time 
of the year. In addition the machine had started to 
pound very hard as it passed over the crank-end center. 
The thermometer on the inlet registered about 35 deg., 
while the temperature indicated on the outlet from the 
brine cooler was around zero. Generally the temperd- 
ture of the outlet brine was between 18 and 20 deg. and 
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the inlet temperature, which was also the temperature 
of the brine returning from the chill rooms, was gen- 
erally 25 deg. or lower. 

The brine was circulated by a centrifugal pump, the 
suction of which was connected to the returns from the 
chill rooms and the discharge of which was connected 
to the inlet of the brine cooler. This was working about 
the same as usual, except that the discharge pressure 
was considerably higher than it used to be. Apparently, 
there was something wrong with the brine circulation or 
there would not have been such a large difference be- 
tween the inlet and outlet temperatures of the brine as 
it circulated through the cooler. The engineer suggested 
that we take a trip up to the coolers with a lantern, and 
we did so as the first step in the investigation. The chill 
rooms were cooled by a curtain system located above the 
coolers. The brine was delivered into distributing 
troughs hung near the ceiling of the cooler, on which 
were hung curtains over which the brine trickled down 
to the floor of the curtain deck, thence running into 
gutters to the return pipes to the centrifugal pump in 
the engine room. When we got on the curtain deck, 
there was not a sign of brine circulation anywhere, and 
as far as I could see the pump might just as well have 
been shut down. 

So we went back to the engine room in a hurry. It 
was now plain that there was no brine circulating 
through the brine cooler and that this was the reason 
the machine froze, because there was no heat to evapor- 
ate the ammonia fed into the cooler. So it came back 
to the machine in about the same condition it left the 
expansion valve. 

Judging from the engineer’s statement that ihe 
trouble had started during the night, I suspected that 
the brine cooler was frozen by this time. Accordingly, 
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I went to try one of the individual valves on each stand 
of the cooler to see if I could shut it. It refused to 
budge, and I was now sure that the brine cooler was 
frozen. 

We pumped out the ammonia and removed the return 
bends. Sure enough, every one of the stands was frozen 
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return bend of each stand on again, I decided to test 
everything and make sure that every stand was clear so 
that we would not have the same trouble over again, or 
that one or more of the stands might not freeze while 
the others kept on working. To do this I opened the 
suction and discharge valves on the pump, believing the 
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FIG. 1. TYPICAL LAYOUTS OF REFRIGERATING AND ICE-MAKING PLANTS 


olid. We got a hot-water hose with a steam and water 
connection rigged, and played steaming hot water all 
over it for several hours. Also we rigged a smaller 
steam lance which we used for thawing out the inner 
pipes. Finally, we got the thing thawed out. Luckily, 
none of the pipes burst. After we had all but. the last 


pressure on the suction line, due to the chill rooms and 
gutters being located about 40 ft. above the engine room 
and the cooler, would be sufficient to force the brine 
through the cooler and clear out small obstructions that 
might be present. I was surprised to find that this did 
not work. I looked around the pipe line and cooler think- 
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ing some valve might be shut, but all were open. Not 
having any success with this method, I next started the 
pump, feeling sure that the pressure produced by the 
pump would start things. It did not. One of the men 
finally called attention to the high pressure on the pump, 
which could be expected if there was an obstruction 
some place in the line. So we began to look for trouble 
in the discharge line between the cooler and the pump. 
We came to the gate valve used as a stop valve in the 
discharge line, just ahead of the pump. After opening 
and closing it a number of times we concluded that it 
worked too easily. So we removed the bonnet, and sure 
enough, the gate had dropped and shut off the line; this 
was the true cause of all the trouble. o~ 

The shutting off of the circulation of the brine 
through the cooler caused this to freeze, and as prac- 
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. 2. THE GAS RELIEF LINE WAS PLUGGED 


tically ne work was then being done in the cooler, the 
liquid ammonia did not evaporate, and so came back to 
the compressor in liquid form, freezing the machine 


With little or none of the liquid evaporated there was 
practically no gas generated, and of course the suction 
pressure went down. With the large amount of liquid 
coming back, the machine froze, got very cold, and this 
in turn contracted the piston rod so that it was a little 
shorter than usual. In adjusting the bearings the piston 
had been shifted so that it came very close to the crank- 
end head when the machine worked at normal tempera- 
ture. When it got real cold, the contraction of the rod 
was sufficient to bring it up against the head, and this 
caused the knock. After the cooler was thawed out and 
the gas came back at the proper temperature, there was 
no knock, but as a precaution against future trouble we 
backed the rod out of the crosshead a fraction of a turn 
so as to get the clearance at both ends of the cylinder. 


THE STUFFING Box BOTHERS THE ENGINEER 


Some weeks later I dropped in for a visit and found 
the engineer nursing the stuffing box on the machine 
working on the brine cooler. This stuffing box had been 
giving trouble for a long while. We shut the machine 
down for a few minutes, and first calipered the rod, 
thinking that this might be smaller in diameter in the 
center than at the ends; but the difference was so small 
that it could not have been the cause of the trouble. I 
had run a number of rods where the difference was 
much greater. I have in some cases run rods that were 
*s in, smaller at the center than at the ends without 
serious trouble. The difference in this case -was but 
ec: inch. ; 

We checked the adjustment of the crosshead shoes 
to see if they were adjusted so that the rod traveled in 
a straight line. A lot of trouble is often met from this 
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cause, the shoes being so adjusted that the rod is thrown 
up or down at the end of the head-end-stroke, and caused 
to travel up and. down in the stuffing box, and of course 
it is next to impossible to keep the packing tight. There 
was nothing wrong with the adjustment, however, in 
this case. 

I was puzzled by this time when I happened to think 
of the gas-relief line from the stuffing box, as shown in 
Fig. 2. The gas relief line, it will be seen, connects 
to the top of the oil reservoir which feeds the oil to the 
stuffing box through the pipe connected to the bottom. 
The pipe leading from the top connects to the suction 
line of the compressor, which allows the gas that comes 
to the oi] reservoir from the stuffing box to pass on to 
the suction line. It also insures suction pressure on the 
reservoir, and no more, while the gravity head of the oil 
is about right to keep the oil feeding well through the 
stuffing box. 

There was a union in the line near the stuffing box, 
and this we disconnected. The pipe was obstructed in 
both directions with old packing and gummy oil, and to 
get it out we had to take the whole line down in sec- 
tions and blow each out with air. For some of them we 
had to fix up long packing hooks and dig out part of 
the obstruction until we were able to get the rest free 
to start. 

After we had the pipe cleaned, connected again and the 
compressor started, there was no more trouble with this 
stuffing box. The main purpose of this connection is to 
let whatever gas gets by the first section of packing 
escape back to the suction line, and as a consequence 
there is never more than suction pressure on the front 
section of the packing, of that part in front of the lan- 
tern. When the line got blocked, the pressure accumu- 
lated in the lantern until it was probably the same as 
the discharge pressure, and of course there was a lot 
more trouble to keep the stuffing box from leaking under 
these conditions. 


The first step in the process of obtaining alcohol from 
wood is digestion at a pressure of 115 lb. for fifteen 
minutes in dilute sulphuric acid, says The Engineer. 
The cooked wood is transferred to a series of cylindrical 
cells so connected that water may be passed through 
them in rotation. From these cells is obtained an extract 
called “acid juice,” which holds in solution practically 
all the sugar mixed with other water-soluble ingredients. 
This liquid is neutralized, either with high-grade lime- 
stone or slaked lime. Calcium sulphate is produced, 
which requires about twelve hours for settling. The 
clear juice is drawn off and cooled to about 88 deg. F., 
yeast added, and the fermentation carried on in the 
usual way. The juice must be slightly acid, as ordinary 
yeasts do not operate well in alkaline solutions. By dis- 
tillation the alcohol is obtained, and may be readily 
refined. 


Multiple-stage reciprocating. compressors are used 
when high pressures are desired. In this type of com- 
pressor the air receives an initial compression in one 
cylinder. ‘Passing through an intercooler, it is com- 
pressed in a second cylinder and so on until the desired 
compression is accomplished. Because of efficiency in 
cooling and because clearance losses are reduced, 
multiple-stage compressors are the most efficient. The- 
oretically, the more stages the-higher the efficiency, but 
the size and cost of machinery and also frictional losses 
limit the number of stages to four at the most. 
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The latest development in power drives for roll- 
ing mills is the direct-current reversible motor. 
Those described in this article are of 5,000 and 
15,000 hp. capacity and are used to run revers- 
ing blooming mills. 





recent years in steel-mill power equipment has 

” been the reversing-mill motor, and it is safe to 

say that of all the applications of electric motors none 
is subject to more severe conditions than those driving 
reversing mills. The mills of recent design include 
reversing roughing stands and tandem arrangement 
of mills, which gives the plant greater flexibility of size, 
of production and increases its tonnage output with a 
decrease in power requirements. Some of those in- 
cluded are plate 
mills, strip mills 
and_ structural 
mills. In a for- 
mer article sev- 
eral large re- 
versing engines 
were illustrated, 
but unlike the 
steam. drive, 
which calls for 
an unusualsteam 
supply for a re- 
versing mill, the 
reversing motor 
drive acts as an 
equalizer for the 
three-high con- 
tinuously oper- 
ated mill because 
the power taken 
from the main 
feed line is uni- 
form in the for- 


()= of the principal electrical developments of 





high peak loads for the latter type cf mill. Reversing 
motors are frequently subjected to overloads several 
times their continuous capacity, and they must carry 
these overloads throughout the full range of speeds, 
from rest to maximum speed in both directions when 
driving the mill or operating as a generator in braking; 
that is, coming to a stop. 

When an ingot is put through the rolls for the 
first few passes, the piece, being short, requires less 
than one revolution of the rolls to carry the metal 
through them. In order to force the rolls to bite the 
ingot, as well as to prevent them from throwing the 
piece out on the table after making the pass, it is 
necessary to keep the speed down. With so short 
a piece of metal high roll speed is not necessary and 
would only interfere with the quick handling of the 
equipment. However, after the piece has lengthened 
out, the roll speed is increased and the remainder of 
the passes can be made at high speed. Owing to 
the unusually se- 
vere conditions 
under which 
they operate, 
rolling-mill mo- 
tors aredesigned 
with liberal fac- 
tors of safety so 
as to permit of 
rapid accelera- 
tion and revers- 
ing. In revers- 
ing-mill motors 
the speed is ad- 
justable over the 
full range from 
rest to maxi- 
mum_ speed in 
either direction 
of rotation, and, 
when so adjust- 
ed, is practically 
independent of 
the load. This 
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FIG. 1. A 15,000-HP, DIRECT-CURRENT REVERSING MOTOR DRIVING A 35-IN. 
REVERSING BLOOMING MILL - 





type of motor is 
capable of carry- 
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ing extreme 
overloads at all 
speeds during 
acceleration, 
driving’ the mill 
at full speed or 
during regener- 
ative braking 
in slowing down 
the mill at the 
end of the pass. 
Another charac- 
teristic of this 
type of motor is 
that the inertia 
of the revolving 
parts is low, so 
as to permit of 


rapid accelera- 
tion and rever- 
sal, which is 








Vol. 52, No. 5 





The excitation 
of the direct-cur- 
rent generator 


is arranged to 
vary over a wide 
range by means 
of a rheostat in 
its field circuit. 
The generator 
armature and 
the motor arma- 
ture by them- 
selves constitute 
a circuit which 
is not _ inter- 
rupted in serv- 
ice. Manipula- 
tion of the field 
rheostat and 
switch gear in 
the exciting cir- 

















necessary be- 
cause the 
greater part of 
the time con- 
sumed in breaking down an ingot is taken between 
passes. 

The Ward-Leonard control is used. Briefly, this sys- 
tem consists of a constant-speed motor driving a gen- 
erator that supplies current to the motor whose speed 
is to be regulated. This motor-generator set is placed 
between the variable-speed motor and the system sup- 
plying the current. The driving motor of the motor- 
generator set is usually of the wound-rotor induction 
type coupled to a direct-current generator, the machine 
carrying a flywheel on the shaft. 


FIG. 2. 


SINGLE UNIT, 8,000-HP. REVERSING MOTOR DRIVING 
A 27-IN. UNIVERSAL MILL 


cuit of the gen- 
erator, and also 
the speed and 
direction of ro- 
tation of the variable-speed motor, are under control at 
all loads. 

The flywheel of the motor-generator set serves to 
smooth out the peaks from the reversing motor’s load, 
which are extremely high and of short duration, and 
which, without a flywheel, would follow back to the 
main power system. 

When the motor of the motor-generator set comes 
up to speed, it stores up energy in the flywheel, and 
when a heavy current is demanded by the roll. motor, 
the motor of the motor-generator set is automatically 
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FIG. 3. 


A 5,000-HP. DOUBLE DIRECT-CURRENT REVERSING MOTOR DRIVING A 36-IN. BLOOMING MILL 
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FIG. 4. MOTOR-GENERATOR SET CONSISTING OF A 3,000-HP. INDUCTION MOTOR AND 
TWO 2,000-HP, DIRECT-CURRENT GENERATORS 


slowed down by means of a slip regulator. As the 
motor of the motor-generator set slows down, the fly- 
wheel carries a part of the load. When the peak load 


is removed or, in other words, when the ingot has 
passed through the rolls, the motor of the motor-gen- 
erator set speeds up again and returns energy to the 
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flywheel. In this way the load on the alternating-cur- 
rent motor is greater than that on the roll motor when 
the latter is driving light load, and is less when it 
is carrying a peak load, as when the ingot is making a 
pass. Automatic slip regulators are used to regulate the 
speed of the induction motor and consequently the rate 


. 5. SIDE VIEW OF A 5,000-HP, DIRECT-CURRENT REVERSING MOTOR 
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at which energy is delivered to the flywheel, which per- 
mits of obtaining better equalization of the motor load. 
The slip regulator consists of a liquid rheostat with 
three stationary electrodes connected to the three phases 
of the rotor on the induction motor driving the motor- 
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motor and tends to speed up the flywheel. By this 
means a large part of the accelerating energy is re- 
claimed. 

The various operations, including the variation of 
the field strength, etc., are accomplished by means of 
magnetic contactors, which are also 
arranged to insure a proper sequence 
of operation with proper interlock- 
ings for safety and assist materially 
in accomplishing the desired rapidity. 

It will be seen that the control of 
the rol! motor is effected by varying 
the strength and direction of the field 
or exciter current in a direct-current 
generator. Increasing the field cur- 
rent of the generator also increases 
the voltage of the current that is 
being delivered to the roll motor, 
and the motor will speed up. If the 
field current is decreased, it produces 
the opposite effect, and if the field 
current is reversed, the roll motor 
will revolve in a reverse direction. 
The wiring of this system is shown 
in Fig. 9. 

In the operation of the dynamic 
brake to stop the roll motor, if the 
generator field is so weakened that 








FIG. 6. 
OF THE 5,000-HP. MOTOR 


generating set. Three movable electrodes are connected 
to an arm that is mounted on the shaft of a small 
torque motor, the other end of the arm being provided 
with a counterweight. This small motor receives cur- 
rent from series transformers in the main line (see 
Fig. 9). When the current in the line increases, the 
motor pulls the electrodes apart and 
in so doing introduces resistance 
into the rotor circuit of the alternat- 
ing-current motor. This reduces its 
speed and throws the peak of the 
load on the flywheel. When the 
line current decreases, the motor 
allows the electrodes to come 
nearer together again, and _ the 
alternating -current motor’ speeds 
up. 

In bringing the motor-generator 
set up to speed, the generator field is 
gradually excited to bring up the 
voltage across the motor armature, 
which causes it to revolve in the 
direction indicated by the master 
switch. The speed curve of the mill 
motor follows very closely the volt- 
age curve of the generator up to full- 
field speed. From this point the 
speed is increased by decreasing the 
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the voltage generated is less than 
that generated’ by the roll motor, the 
motor acts as a generator and at- 
tempts to drive the motor-generator 
set; and as this acts as a powerful drag on the roll 
motor, it slows down, as with the application of a 
mechanical brake. 

Several examples of reversing-mill motors are de- 
picted in the illustrations.- In Fig. 1 is shown a two- 
unit 15,000-hp. Westinghouse reversing motor that 





field of the mill motor, which is ac- 
complished by means of the opera- 
tor’s drum controller. 

The roll motor is brought to rest by dynamic brake- 
ing when the operator brings the master controller to 
the off position. This reduces the voltage of the gen- 
erator below that corresponding to that of the roll 
motor, and during that period the generator acts as a 


FIG. 7. 





ANOTHER VIEW OF A MOTOR-GENERATOR SET 


operates a 35-in, reversing blooming mill at the Mark 
plant of the Steel and Tube Company of America, 
Indiana Harbor, Ind. It is of the direct-current type 
and operates at 600 volts. Fig. 2 shows a single-unit 
8,000-hp. 600-volt motor operating the 27-in. univers: 
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plate mill at the same plant. This mill has established 
an unusual production record, having rolled in one 
month 17,393 tons of plates averaging less than 3 in. 
in thickness. 

I was fortunate in obtaining permission to go through 
the plant of the Trumbull Steel Co., Warren, Ohio. This 
plant was right up to date with the leaders in the 
number and capacity of electrically driven rolls, having 
several units with a continuous capacity of 17,100 hp. 
What is said to be the fastest mill in the world is their 
continuous hot-strip mill, which is driven by adjustable- 
speed induction motors. 

The 36-in. reversing blooming mill at this plant is 
driven by a General Electric 5,000-hp. from 50: to 120 
r.p.m. two-unit reversing motor using 500-volt direct 
current. This motor (Fig. 3) is directly connected to 
the mill and has a continuous torque of 656,000 ft:-lb. 
and 2,000,000 intermittent. 

The motor-generator set that supplies energy to the 
5,000-hp. reversing motor is shown in Fig. 4. It con- 
sists of a 3,000-hp. induction motor using 2,300-volt 
60-cycle three-phase current and has a speed of 360 
r.p.m. The two generators are of 4,000-kw. total capac- 
ity and generate 500-volt direct current. The flywheel 
weighs 50 tons. - 

Another interesting installation of the same capacity 
was found at the Sparrow’s Point, Md., plant of the 
Bethlehem Steel Co. This General Electric double 





FIG. 8. CLOSE-UP VIEW OF THE MOTOR AND ONE 
GENERATOR 


unit, shown in Fig. 5, develops 5,000 hp. when operating 
at speeds varying from 50 to 120 r.p.m. It is used to 
drive a 40-in::reversing blooming mill. A close-up view 
of the commutator end of the motor is shown in Fig. 6. 
An idea of the massive construction may be had by the 
comparison of the man standing by the bearing, Fig. 5. 

The motor-generator set used in conjunction with 
this reversing motor consists of two 2,000-kw. 600-volts 
per unit direct-current generators driven by a 3,000-hp. 
6,600-volt 25-cycle induction motor, Fig. 7. The speed 
is 375 r.p.m. and the flywheel weighs 50 tons. Fig. 8 
is a close-up view of the motor and one of the generators. 

A 17,500-hp. Westinghouse reversing motor at this 
same plant is used to drive a 60-in. universal plate mill. 
It has a speed up to 100 r.p.m. and uses 700-volt direct 
current. So far as known, this is the largest reversing 
motor in this country. Two units of 19,000 hp. have 
recently been installed at a steel works in England. 
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One drives a 36-in. roughing mill and the other a 34- 
in. similar mill. The speed is 60 to 140 r.p.m. and the 
units operate on the Ward-Leonard-Ilgner system. The 
motor comprises three units coupled together and 
mounted on a combined bedplate. The complete ma- 
chine weighs approximately 300 tons. 

At the Briar Hill Steel Co., Youngstown, Ohio, the 
new plate mill, which rolls plate exclusively, consists of 
two mills, one a three-high single-stand 132-in. mill,’the 
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FIG. 9. WIRING DIAGRAM OF THE MOTOR CONTROL 


other a two-stand 84-in. mill. The roughing rolls of 
the 84-in. mill are driven by a reversing direct-current 
motor having a maximum torque of 1,000,000 ft.-lb. at 
40 r.p.m. This motor is supplied with energy from a 
1,500-hp. three-phase 60-cycle 2,200-volt induction- 
motor direct-current generator set. The 2,250-kw. 600- 
volt direct-current generator is shunt wound and sepa- 
rately excited. It is equipped with commutating poles 
and compensating windings. On the shaft of this unit 
is mounted a 60,000-lb. flywheel. 

A liquid slip regulator connects with the secondary 
winding of the alternating-current motor, equalizing the 
input to the flywheel. Thus, when the motor load 
reaches a certain fixed volume, the regulator cuts in 
resistance in the secondary winding, which causes the 
motor to tend to decrease its speed, and the flywheel 
gives up some of its energy and so absorbs the short 
peaks of the roll motor. Just as soon as the peaks go 
off, the regulator gradually decreases the secondary re- 
sistance and the motor speeds up, bringing the flywheel 
back to full speed again ready for the next peak. Owing 
to the arrangement of the regulator, the motor cannot 
be started until the maximum resistance is cut in on 
the secondary, by means of the slip regulator being 
wide open. Starting and stopping of the motor is ac- 
complished from a benchboard controller without manual 
setting of the regulator. The switching of the motor is 
arranged so that it can be stopped within a few seconds 
by the application of reverse power. 
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Motors used for driving mill-roll trains are usually 
of the mill-type, totally inclosed; but in some instances 
a single motor drives a layshaft carrying gears which 
mesh with corresponding gears that carry the mill-rod 
train. Direct-current mill-type motors are used for 
many purposes as steel-mill auxiliary drives. Such 
motors are bui't in sizes up to and around 275 hp. and 
are designed to operate under very heavy duty, espe- 
cially on front anc rear mill rolls and screwdowns 
where the motor is started, stopped and reversed as 
frequently as a dozen times a minute. 

Most of the larger steel mills generate their own 
electrical energy at high alternating-current voltage, 
but it must be transformed to direct current before.-it 
can be used with a direct-current type of mill motor. 
This is done by the use of motor-generator sets or 
rotary converters. In other instances, the high-volt- 
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ing effect of still or slowly moving brine or air in close 
contact with the ammonia evaporating coils. 

The iowest rate of heat transfer is found to occur in 
cold-storage rooms having direct expansion coils hung 
on the walls. The air surrounding such coils is almost 
still, as the very slight natural circulation is retarded 
by the pipes of the coil being placed one above the 
other. The rate of the heat transfer in such cases 
will never be more than 1.5 B.t.u. per hr. per sq.ft. of 
pipe surface for each degree difference in temperature 
between the ammonia in the coil and the surround- 
ing air. 

The highest rate of heat transfer is found in brine 
coolers of the shell and tube type where the brine is 
forced through the tubes at a high velocity and where 
the ammonia space is operated as in the flooded system. 
Here the heat flow can be as high as 25 or 30 B.t.u. 

















FIG, 10. AN UP-TO-DATE SUBSTATION, 


age current is purchased from outside sources and must 
also be transformed before it can be used. Fig. 10 
shows a substation at the main plant of the Youngs- 
town Sheet and Tube Co. 

(The next article will deal with some of .the pump- 
ing units used for supplying water for various pur- 
poses about steel mills.) 


Ammonia Coils for Cooling Water 
By A. G. SOLOMON 
An estimate of the cooling effect of ammonia coils 
based on ordinary units of heat transmission’ through 
pipes ‘s likely to be very misleading because the rate 


of heat flow from water, brine or air-to the ammonia. 


in a coil will vary greatly, depending on the circula- 
tion of whichever substance surrounds the coil. This 
statement is made plain when one considers the insulat- 


SHOWING SWITCH BOARD AT THE LEFT 


In ice tanks having good brine circulation and the 
flooded system of ammonia evaporation, the heat flow 
will be about 10 B.t.u. We will assume that the water 
is cooled in a tank where the flow amounts to 200 
gal. per hour and that water is being admitted and 
taken out continually as in the ice-plant forecooler. 
Under the' most favorable operating conditions the 
rate of heat:transfer from this water to the ammonia 
will-be:no more than 7 B.t.u. This figure is considered 
rather high, but it can be reached. Suppose the aver- 
age temperature of the water is (80 + 35) ~— 2 
57.5 deg. F., and the temperature of the ammonia in 
the coil is zero, and-the-temperature difference is 57.5 
deg. F. “As:7.B.t.u. is the rate of heat transfer for 
each degree. temperature difference,:-7 57.5 = 402.5 
B.t.u. is tthe» amount of heat passing through each 
square foot of pipe surface per hour. Two hundred 
gallons of water is equal.to 1,666 lb. This amount 
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of water to be lowered from 80 to 35 deg. will call 
for the removal of 45 X 1,666 — 174,970 B.t.u. in 
an hour. Dividing the number of heat units to be 
removed by the heat exchanged through one square 
foot of pipe surface gives 186.26 sq.ft., or 299.5 ft. 
of 2-in. pipe; and 20 per cent more pipe, or about 
60 ft. of 2-in., should be added to take care of heat 
leakage through insulation and variations in operating 
conditions. 


A New English Gas Engine 


The Premier Gas Engine Works has brought out a 
large double-tandem dcuble-acting gas engine of a de- 
cidcdly novel design. 

Referring to the sectional line drawing, it will be 
seen that the cylinders are grouped in pairs, on opposite 


SECTIONAL LINE DRAWING OF 


sides of the crankshaft, with a triangular connecting rod, 
after the fashion of the old Musgrave steam engine, 
transmitting the motion of the two sets of piston rods 
to the single crank. The upper end of the two branches 
of the connecting rod have gudgeon pins working in 
short transverse slides in the crossheads, while the 
right-hand pin also takes the ends of the radius rods 
that transmit the side thrust of connecting rods to 
anchor pins on the frame. 

The arrangement has the advantage of reducing to 
a minimum the frictional losses involved in the conver- 
sion of the reciprocating motion of the piston to the 
rotation of the crank. It also gives a very even turning 
moment. The effect of the triangular rod in this direc- 
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tion is, in fact, equivalent to setting the cylinders at 
an angle of 60 deg., as in the familiar motor-car engine. 

The cylinders of this engine are 243 in. in diameter 
by 30 in. in stroke, which, at a speed of 125 revolutions 
per minute, gives a piston speed of 625 ft. per min. The 
mean effective pressure is 66 lb. per sq.in. Working 
on blast-furnace gas, the engine develops 900 hp., or 
1,000 hp. when using producer gas. The over-all di- 
mensions of the engine, including the generator and 
flywheel, are 18 ft. by 25 ft. by about 20 ft. high above 
the floor level. A unit of approximately the same ca- 
pacity, but of the double-acting tandem horizontal type, 
would require a floor space of 27 x 60 ft. The economy 
in space is about 70 per cent. 





The potential water power of British Columbia 
experts declare, is equal to that of five Niagaras. Pour. 




































































THE NEW PREMIER GAS ENGINE 


ing down the mountains comes enough water to develop 
3,000,000 hp. At Niagara Falls, there is now devel- 
oped about 725,000 hp. Only 123,000 electric horse- 
power is now developed by the plants supplying Van- 
couver, New Westminster and the towns in that vicinity. 
This power turns the wheels of mills and factories, 
propels the street cars of these cities and provides light 
for the streets and homes. If the entire wealth of 
British Columbia in water power were harnessed, it 
would be sufficient to provide power, light and heat for 
forty cities the size of Vancouver and New Westminster 
combined. With this cheap power available, economists 
predict that some day the province will become one of 
the greatest manufacturing centers of Canada. 
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What Is the Efficiency of a Steam Engine? 


A Discussion of Some of the Misunderstandings Due to 
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Different Meanings Attached to the Names of the 
Various Steam-Engine Efficiencies 


By DEWITT M. TAYLOR 


\ , J] HEREVER steam engines are discussed the 

word efficiency is used, but unfortunately it is 

frequently used without due care to specify just 

what it means. To help explain it various qualifying 

terms are often employed, but authorities differ as to 
just what certain of these terms mean. 

In general the efficiency of a machine or engine may 
be defined as the ratio of output to input, or of the heat 
equivalent of the work produced to the heat supplied to 
the engine. The efficiency of a steam plant, then, might 


designated as H, or as q, + 2, 7, where q is the heat of 
the liquid, r is the heat of vaporization and z is the 
dryness fraction, the subscript 1 referring to the con- 
dition of the steam leaving the boiler. Assuming no loss 
in the steam pipe the steam entering the engine is in the 
same condition as on leaving the boiler. In passing 
through the engine some heat is turned into work and 
some heat is wasted, and the steam leaves the engine 
with a heat content of g,-+ x,r, where the subscript 2 
refers to the condition at exhaust. In the condenser 

all the steam is condensed, 








since it does not pay to 





- Hy)" 4, +X 6; 
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FIG. 1. 


be stated as the ratio of the heat equivalent of the elec- 
trical energy delivered at the switchboard to the heat 
of combustion of the coal burned. This might be and 
frequently is called the “Over-all Efficiency,” although 
the adjective over-all is frequently used when the heat 
equivalent of the power at the engine shaft is substi- 
tuted for the energy at the switchboard. When attempts 
are made to improve the economy of the engine or 
plant, it becomes necessary to examine the losses in the 
various individual parts of the apparatus. This results 
in the computation of the efficiencies of these individual 
parts, and it is largely in the names applied to these 
values that confusion arises. 

When dealing with the engine alone, it is usual to 
consider that the boiler, condenser, piping and auxili- 
aries operate at 100 per. cent efficiency, or, in other 
words, not to charge the engine with any losses due to 
imperfections in other apparatus. : 

In Fig. 1 the essential parts of a steam-power plant 
are shown and the heat content of the steam at the 
various significant points is indicated. The steam leav- 
ing the boiler has a certain heat content, which may be 






F==— iii, where W 


DIAGRAM SHOWING HEAT CONTENTS OF STEAM AT VARIOUS POINTS AS 
ASSUMED IN COMPUTING EFFICIENCIES OF ENGINE 


pump steam back into the 
boiler. Any additional cool- 
ing of the condensate, how- 
ever, is the fault of the con- 
denser, not of the engine, so 
the water entering the 
boiler is assumed to be at 
the temperature corre- 
sponding to the back pres- 
sure on the engine. Its heat 
content, then, is g,. The heat 
added in the boiler to each 
pound of water, therefore, is 
q, + 2,7, — q., or as some- 
times written, H, — q.. 
The heat supplied in 
the boiler per horsepower 
per hour is W (H, — q,) 
is the “water 
rate,” or weight of steam 
per horsepower per hour. 
The heat turned into work 
per horsepower per hour is 





“Hy)= G,t+ XG 


33,000 60 ‘ 
7g CO 2,545 B.t.u. An efficiency may be figured 


: 2,545 
from this as WH, — a 


called the “Actual Thermal Efficiency” or sometimes 
the “Thermal Efficiency of the Actual Engine.” It has 
also been given the name “Thermodynamic Efficiency.” 

The theoretical cycle known as the Carnot Cycle is 
sometimes used as a standard of perfection, since a 
heat engine working on this cycle would have an effi- 
ciency that could not be exceeded. The efficiency of an 


T, —T, 
T, 
where 7, is the absolute temperature of the source of 
heat and T, is the absolute temperature at which the 
waste heat is rejected. This is usually referred to as 
the “Carnot Efficiency,” but is seldom computed, as the 
actual steam-power plant operates on a cycle differing 

materially from the Carnot Cycle. 
The usual standard reference cycle for steam plants 
is known as the Rankine Cycle, and it differs from the 


and this ratio is often 


engine working on this cycle is expressed by 
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actual cycle only in that the engine proper is made of 
a perfectly non-conducting material. It can be shown 
that the heat turned into work by an engine working 
on the Rankine Cycle is (q, + 2, 7.) — (¢, + 2%, 7,), 
where the symbols have the same meanings as in the 
previous paragraphs with the additional requirement 
that the entropy during expansion remains constant. 
Thus the value of x, may be computed on the basis of 
a constant entropy expansion from the condition of 
steam at the throttle to the pressure of the exhaust. 
Since the amount of heat added in the boiler is the 
same whether the steam is expanded in a non-conduct- 
ing cylinder or in an ordinary engine cylinder, its value 
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FIG. 2. PRESSURE-VOLUME DIAGRAM FOR RANKINE 
CYCLES WITH COMPLETE AND WITH 
INCOMPLETE EXPANSION 


per pound of steam is g, + 2, r, — 
before. 


The efficiency of an engine working on the Rankine 


(Qi + 2it1) — (G2 + 2212) H, — H, 

© + 1" — & ” H—@’ 
meiibering that the condition designated by the sub- 
script 2 is found from a constant entropy expansion. 
This efficiency is usually called the “Rankine Efficiency.” 

One source of misunderstanding is due to the use of 
the name Rankine Cycle to refer to two different cycles. 
The distinction may be understood by referring to 
Fig. 2, which is a pressure-volume diagram. One cycle 
is represented by the line ABCDA, the curve BC repre- 
senting expansion in a non-conducting cylinder. This 
is the cycle described before in this article and called 
the Rankine Cycle. By some writers it has been given 
the name Clausius Cycle and by others “Rankine Cycle 
with Complete Expansion.” 

The other cycle is shown by the lines ABEFDA and 
differs only from ABCDA in that the adiabatic expan- 
sion is stopped at HE and the constant volume pressure 
drop to F takes place. This corresponds to the action 
of a steam engine when the exhaust valve opens before 
the pressure has dropped to the back pressure. The 
cycle here described has been called the Rankine Cycle 
by many people, although some authorities avoid con- 
fusion by naming it the “Modified Rankine Cycle” or 
the “Rankine Cycle with Incomplete Expansion.” In 
connection with the diagram in Fig. 2, it should be 
remembered that this represents the pressure-volume 
changes of a definite quantity of steam and is not an 
indicator diagram. 

In computing the work done by an engine operating 
on the “Modified Rankine Cycle,” the portion ABEGA 
is treated as a Rankine Cycle with complete expansion 
and the work of the portion GEFDG is found by multi- 
plying the pressure drop from £ to F (in pounds per 
square foot) by the volume at Z. This latter value is 
reduced to the equivalent heat units and then added to 


q, or H, — q, as 


Cycle, then, is 
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the heat equivalent of the portion ABEGA to find the 
total heat converted into work. 

Since a perfectly non-conducting engine can never be 
built, its water rate cannot be determined by actual 
test. The heat turned into work per pound of steam 
however, as stated before, is (q, + 2, 7,.)—(q@, + 2, r.) 
or H, — H,. The heat that must be turned into wor! 
to deliver one horsepower per hour is 2,545 B.t.u., ther-- 
fore the water rate for an engine working on the Ra’.- 
Roe. , and this value is often 
called the “Rankine Water Rate.” 

When two engines receive steam at the same pressure 
and quality and exhaust at the same pressure, either 
their actual thermal efficiencies or their actual water 
rates serve as a fair basis on which to compare their 
performances. When, however, the condition of the 
steam supplied or the exhaust pressures are different, 
it is not fair to compare two engines on this basis. 
lor example, assume one engine receiving dry steam 
at 250 lb. absolute and exhausting at 28 in. vacuum, 
and a second taking dry steam at 50 lb. absolute and 
exhausting at atmospheric pressure. In the first case 
the Rankine Efficiency would be 30.8 per cent, while in 
the second case it would be 27.2 per cent. If, then, 
the two engines were found to have the same thermal 
efficiency, the latter would be the better engine, since it 
comes nearer its ideal standard. In other words, the 
Rankine efficiency represents the ideal efficiency for 
the conditions under which the engine operates and 
over which the engine has no control, and the best 
engine is that one which makes the most of its oppor- 
tunities. 

For this reason it is customary to compute the ratio 
of the actual thermal efficiency to the Rankine Efficiency 
for the existing conditions. It is in connection with 
the names given this ratio that the most confusion 
arises. Some authorities call this the “Cylinder Effi- 
ciency,” but this has been objected to when applied to 
steam turbines. The term “Cycle Efficiency” has been 
used, but as this is sometimes applied to both what we 
have here called the Rankine Efficiency and the Thermal 
Efficiency, it causes confusion. The term “Rankine 
Efficiency” has also been applied to this value, but this 
is very confusing, since so many use this name as it 
has been used in this article. Other names have been 
used, but so far as the writer knows, the term Cylinder 
Efficiency is the only one that is not also used with 
another meaning. While this term apparently means 
nothing when applied to turbines, it at least has only 
one meaning in general use. 

Differences in what is to be considered as the output 
of the engine also lead to confusion. When reciprocat- 
ing engines only were considered, the output when 
figuring thermal efficiencies was taken as the indicated 
horsepower. This was the logical procedure, since 
efficiencies based on brake horsepower included the me- 
chanical losses in the engine. With the advent of the 
turbine, however, and the difficulty of determining a 
value corresponding to the indicated power of a recip- 
rocating engine, efficiencies were often computed on the 
basis of the brake horsepower. When the efficiency of 
an engine based on indicated horsepower is compared 
with that of a turbine or another engine based on brake 
horsepower, the results are likely to be misleading. 

Since uniformity of nomenclature is obviously desir- 
able, the following definitions are suggested: 


kine Cycle would be 
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Carnot Efficiency is the efficiency of a theoretically 
perfect engine working on the Carnot Cycle and is given 
7,—T: 

| -_ 

Rankine Efficiency is the efficiency of an engine 
working on the Rankine Cycle and is given by the ex- 


ression H, — H, 
P H, —q° 





by the expression 


Thermal Efficiency is the ratio of the heat equivalent 
of one horsepower-hour to the heat supplied to the en- 
gine for each horsepower-hour and is given by the 


2,045 
expression 77; a. —<° 
value is based on the indicated horsepower. 

Cylinder Efficiency is the ratio of the Thermal Effi- 
ciency to the Rankine Efficiency. 

Mechanical Efficiency is the ratio of the brake horse- 
power to the indicated horsepower. 

The symbols used in the foregoing definitions are 
those explained earlier in this article. To make these 
statements cover all cases, the symbol H may be taken 
to mean the heat contents of wet, dry or superheated 
steam. 

It is realized that some of these definitions at least 
are likely to incur criticism, but they are offered as 
suggestions in the hope that this or some other list of 
definitions may become standard. Probably such a 
standard can become widely recognized only if it is 
backed by some such body as the American Society of 
Mechanical Engineers. 


Unless otherwise stated, this 


Testing a Closed Heater 
By R. W. RIORDAN 


A closed heater, set vertically, was connected to the 
exhaust pipe of a 2,700-kw. cross-compound unit, about 
midway between the cylinder and a barometric con- 
denser, as shown in the sketch. The lower connection 
was of the same diameter as the exhaust pipe; the upper 
one was much smaller, but of sufficient capacity to allow 
circulation of the exhaust steam. A drain pipe leading 
to a “cushion” tank carried off any condensate accumu- 
lating on the bottom tube sheet, and on this drain line a 
bleeder valve was placed to determine whether there 
was any excessive flow of water passing through this 
line, indicating a leak in the heater. After a run of 
any appreciable length the heater was tested as soon 
as the unit was shut down. 

Water from the city mains flowed through the tubes, 
which were divided into sections, providing for six 
passes, and the temperature rise obtained varied from 
50 to 75 deg. before going to an open feed-water heater. 
The city water averaged 50 lb. gage, and with a pres- 
sure of 2 lb. absolute on the steam side of the heater 
considerable water was wasted when leaks occurred in 
the tubes, for the condensate and circulating water were 
discharged from the “cushion” tank into the canal run- 
ning alongside the plant. 

The point that I wish to bring out is the difficulty 
experienced in locating the leaking heater tubes and 
how this difficulty was overcome. Of course, on ac- 
count of the layout of the piping, it was out of the 
question, when testing to locate the leaks, to fill the 
steam side of this heater with water, as is often done 
with those of horizontal design, so the candle test was 
applied, while a vacuum was maintained in the steam 
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space. This method proved unsatisfactory, for while it 
located one serious leak, it failed to disclose the where- 
abouts of several minor ones, and the result was that 
the total leakage was reduced only about one-half. 

Next, the bottom head was put back in place and the 
tubes were filled with water to a height of a few inches 
above the top tube sheet. The vacuum pulled the water 
jevel down in two certain sections, indicating leaks in 
those sections, but that was all. The suggestion of 
putting steam pressure on the exhaust side of the 
heater was next carried out, but naturally, the water 
absorbed all the steam that leaked through, and when 
the tubes were drained dry the heat evidently expanded 
the metal and closed up the leaks. 

After much discussion among those of the operating 
force, the use of compressed air was suggested, and this 
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PIPING OF CLOSED HEATER TO EXHAUST PIPE 


method gave the most gratifying results. A hose was 
used to connect the compressed-air reservoir with the 
small bleeder valve on the drain line of the heater, and 
with the water a few inches above the top tube sheet, 
the air was turned on. On account of the small capacity 
of the hose and the bleeder valve, it was impossible to 
create a pressure of air in the exhaust-steam space as 
had been planned, for the air leaked through stuffing 
boxes, valves, etc., as fast as it flowed to the heater. 
After waiting a sufficient length of time to allow all 
the passages to become filled with air, the throttle va've 
of the engine was opened slightly. This produced the 
desired result, for the steam rushing through the engine 
and exhaust pipe, drove the air before it and caused 
such a rapid rise of pressure in the heater that air was 
forced throvgh the leaks in the tubes. It was then a 
simple matter to mark the tubes from which the air 
bubbles were discharging. Several leaks were located 
and repaired, and when the heater was closed up and 
tested, not even a trickle of water appeared at the 
bleeder. 
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Operation and Adjustment of Turbine Machinery-IIl 


Examining Turbines and Generators 
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By EUSTIS H. THOMPSON 


Consulting Engineer, 


' ) 7HEN a large-sized turbine is put into operation, 

the same course as for small turbines is pur- 

sued but with greater refinement. The piping 

and foundations should be carefully gone over. Strains 

due to pipe weight should be eliminated. In large 

machines an expansion joint is always placed at the 
condenser. 

After cleaning and filling with oil comes the question 
of mechanical adjustment. In large machines alignment 
becomes the greatest single factor, as it affects the oper- 
ation of the steam upon the blades, and the shaft pack- 
ing rings as well as the operation of the bearings, 
couplings and the whole machine itself. Alignment de- 
pends upon the accuracy with 
which the machine is installed, 
and this should be among the 
first things checked. Align- 
ment of bearings does not 
need to be checked in a two- 
bearing unit. In a_ three- 
bearing set this is checked by 
separating the coupling 
flanges a small amount and 
then measuring between them 
with a feeler gage to see that 
they are approximately par- 
allel. The flanges should sep- 
arate equally on each side, but 
the top should open up some- 
what more than the bottom, 
which is usually from 0.002 to 
0.006 in. to allow for expan- 
sion in the turbine end. Ina 
turbine and generator set that } 
is mounted on four bearings, es 
the coupling is usually set so iii 
as to be parallel at the flanges 
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directly on the turbine casing. Then there is little 
expansion effect. When the bearing is supported on the 
bedplate, we have greatest expansion of the turbine 
casing. The allowance for expansion should range from 
0.002 to 0.01 in. per foot of height. 

Impulse turbines do not require as close an align- 
ment in this respect as reaction turbines, generally 
speaking, as in the former case there is only the nozzle 
alignment to be considered, while in the latter there is 
often a close clearance between revolving blades and 
turbine casing. 

Setting the clearances is the next principal adjust- 
ment. This refers to axial clearance or, in other woras, 
the distance measured par- 
allel with the shaft from a 
moving blade to a stationary 
blade taken on each side. Be- 
fore moving the shaft so as to 
adjust this clearance, be sure 
to look the rotating element 
over from end to end so that 
there will be no danger of 
damaging an oil deflector, 
gear or piece of governor 
mechanism. All such parts 
should be either disconnected 
or held under close observa- 
tion. Peep-holes are usually 
provided by which it is pos- 
sible to measure the actual 
clearances with a shim gage. 
The shaft can then be set soa 
that the revolving and sta- 
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clear, with an allowance for 
expansion. It should be borne 
in mind that the shaft ex- 


and also central in regard to FIG. 1. THE MECHANICAL NEUTRAL POINT IS THE Ppands away from the thrust 


the axis of each shaft. The 
flanges can be measured as be- 
fore to check them for par- 
allelism. They can be tested for eccentricity with a 
straight-edge. Lay the straight-edge on one flange par- 
allel to the shaft and allow it to project so as to touch 
the other flange. This should just barely touch on both 
sides, top and bottom. It is customary, if the machine 
is cold, to set the generator a little higher than the tur- 
bine so as to allow for turbine expansion. This allow- 
ance is 0.004 to 0.008 in. per foot of height above the 
bedplate. 

The alignment of the shaft and turbine casing should 
be checked by removing the cover of the packing rings 
at each end of the machine and measuring from the 
Shaft to the bored surface of the casing. The casing 
should be central under full-load conditions when it has 
reached its running temperature. In checking this align- 
ment when cold, expansion should be considered. It 
often happens that the turbine bearings are supported 





COMMUTATOR BAR THAT CONNECTS TO THE 
COIL IN THE CENTER OF THE SPACE BE- 
TWEEN THE MAIN POLES 


bearing. The revolving blade, 
therefore, should be set fairly 
close to the stationary blade 
—that is, on the same side as the thrust bear- 
ing—and the excess clearance can then be taken up by 
expansion away from the thrust bearing. 

Some thrust bearings are set by means of shims. 
These shims can be removed until the shaft is moved 
into its proper position, and then they can be replaced 
in accordance with the new setting of the bearing. 
The shaft can be moved endwise by using a bar or a 
small jack against some solid part of the rotor. Thrust 
bearings are often made with a bolt which can be turned 
to move the shaft. It is safer, in this case, to turn the 
machine over by hand or by light steam pressure when 
moving the thrust bearing. 

In turning over a large machine it is often most con- 
venient to take a few turns round a coupling flange 
with a rope and pull one end with a crane. 

There is another method of setting the clearances 
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when it is not convenient to measure them through peep- 
holes. This consists in turning the machine over and 
setting the shaft toward one end until rubbing is heard 
and then setting the shaft in the other directon until it 
rubs at the other end of the travel. The actual travel 
of the shaft can be measured and the final setting made 
in the middle of this travel. This is best suited to small, 
rigid machines, but should be undertaken only with the 
greatest care and preferably omitted, if possible, in 
large machines with delicate blading. 

The radial clearance, or that which is measured from 
the revolving blades to the turbine casing in a radial 
direction, is usually so large as to be negligible in im- 
pulse machines, but is of great importance in reaction 
machines. This adjustment is made in lining up the 
turbine casing and simply means, in the latter case, that 
the job should be well done. 

Further progress follows the course of that pursued 
in smaller machines. Often an auxiliary oil pump 
driven by steam is supplied for use in starting. Some- 
times the oil rings are omitted and it is necessary to usc 
a squirt can on each bearing before starting. Bearing 
temperatures should be watched with greatest care; also 

leakage of oil along the shaft 
that might work its way into 
the generator should bear close 
scrutiny. 


















INSPECTIONS TO BE AVOIDED 


In looking over a machine it 
is not the best policy to inspect 
indiscriminately. It is not de- 
sirable to dismantle a machine 
when the desired information 
can be obtained by other meth- 
ods. Endeavor to avoid remov- 
ing the top of the turbine 
casing as a great deal of work 
is involved in dismantling the 
parts connected with it. It is 
not easy to make a good 
, steam-tight joint when 
: this is replaced. The 
: blading in most cases 
can be inspected through 





FIG. 2. TO TEST THE POLARITY OF THE 
MACHINE A POSITIVE VOLTMETER IS 
CONNECTED ACROSS THE OPEN MAIN 

SWITCH 


peep-holes. In special cases, where there is reason 
to suspect trouble with the buckets, it may be neces- 
sary to dismantle the machine. The packing rings 
should always be tested by actual operation rather than 
by inspection. Assembling the packing is sometimes the 
most difficult job on the whole machine, and there is 
always a chance of breaking the delicate and expensive 
packing rings. The governor itself is difficult to assem- 
ble and should not be taken apart unless there is good 
reason and plenty of time for the work. 





Steam engineers frequently are required to handle 
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electric generators. In small plants especially, the engi- 
neer is frequently required to take charge of everything 
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KrIG. 3. JAWS AND BLADES 
OF MAIN SWITCH CON- 
NECTED WITH FUSE 
WIRE WHEN POLAR- 
IZING MACHINE 


boiler up to the point of 
delivering mechanical 
energy from the electric 
motor. Putting a generator 
in service may become the 
engineer’s responsibility, 
and this may prove an easy 
job or an unlooked-for ac- 
cident may make it appear 
to be a proposition of no 
small proportions. 

Placing an alternating- 
current generator in serv- 
ice is comparatively simple. 
The brushes on the collector 
rings should be accurately 
fitted and the machine 
blown out and wiped off as 
before. When using com- 
pressed air, always use a 
fairly light current of air 
which would be equivalent 
to a strong electric fan 
close to the -blades. Very 
high air pressure is injur- 
ious to the insulation and 
causes varnish, mica and 
wrapping to be blown off 
eventually. 

An alternator is thrown 
in on the line by means of 
a synchronoscope. There are 






many methods of connect- 
ing synchronoscopes and of testing them to make sure 
they are right before throwing in a machine. The sim- 
plest method for checking them is, in the writer’s 
opinion, as follows: 

First, test for phase rotation. Bring the voltage up to 
normal; clear all the other generators off the switch- 
board and close the switch of the new generator so that 
it will energize the busbars. 

Then start one of the induction motors on the line or 
in the power house. If this machine rotates in its usual 
direction, the phase rotation is correct. If not, the phase 
rotation must be corrected by interchanging any two of 
the three leads of a three-phase generator and either 
phase leads of a two-phase machine. 

After the phase rotation has been corrected, the syn- 
chronoscope should be checked for accuracy. Disconnect 
the cables coming from the machine at the generator it- 
self and mark them so that they can be connected again 
in the proper manner. Insulate the cables from the oil 
switch. Now close the oil switch, which will energize 
these leads with current from the busbars. Plug in the 
synchronoscope, and if the connections are correct 
it will read 12 o’clock. If it jumps to any other posi- 
tion, the connections should be corrected. In case the 
instrument is already in the 12 o’clock position, it should 
be moved away by hand so that its action can be plainly 
noted when it is plugged in. After opening the oil 
switch, the machine can now be connected to the leads 
and brought up to speed and loaded. 

Direct-current generators are directly connected to 
turbines only in small sizes, and in larger sizes are con- 
nected through reduction gears. They should be dis- 
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connected until the turbine has been put in good running 
condition. It is a good plan to open the field circuit 
by disconnecting at a terminal so that there will be no 
danger of the voltage building up unexpectedly, until 
the engineer is ready, 

The air gap between the rotating and stationary parts 
should be checked in all positions. The brushes 
should be sandpapered so they will fit the commutator. 
This is a delicate matter on high-speed machines. A 
good surface that fits the commutator can be secured 
by sandpapering against rotation with rough sand- 
paper and then going over with fine sandpaper, this 
time in the same direction of rotation. 

The dust should be blown out with compressed air or, 
if none is available, a hand bellows may be substituted. 
Keep the current of air away from the windings so that 
the dust will be blown away from the machine. Wipe 
the brushes off with a clean rag and place them in the 
brush-holders. The remaining parts of the brush rig- 
ging and insulators, cable connections, etc., should be 
carefully wiped. 

The brushes should be set in the running position. In 
many cases the brush rigging is marked with a pointer 
or other means so that this position can be easily located. 
In nearly all cases the running position is at the me- 
chanical neutral point or perhaps one or two bars with 
rotation from this point. The foregoing applies to inter- 
pole machines, and in generators without interpoles the 
running position is sometimes two to four bars off the 
neutral. Machines of this character are not built to any 
great extent for turbine work. The mechanical neutral 
point is the commutator bar that connects to the coil in 
the center of the space between the main poles. This 
can most easily be found by marking the armature end 
windings between the main poles and then following the 
lead nearest this mark down to its commutator bar. 
In an interpole machine the neutral is at the center of 
the interpoles A, as indicated in Fig. 1. 

If the coils lead off toward the center of the main 
poles B, then the neutral point on the commutator will 
be opposite the center of the main poles, and it is in 
this position that the brushes must be located. 

Connect up the field. Test the machine for grounds 
with a magneto, turn the rheostat so that the resistance 
is all in and bring the machine up to speed. Build up 
the voltage slowly by turning back the rheostat and 
short-circuiting the field resistance. Watch the com- 
mutator as the voltage rises. 


TESTING MACHINES FOR POLARITY 


The next step is to test the polarity of the machine 
and of the equalizer before closing in the main switch. 
This can be most easily done by closing the circuit 
breaker and placing the leads of a voltmeter across the 
blades of the main switch and also across the jaws of the 
switch, as in Fig. 2. The voltmeter should be of the 
positive type, which will read backward or deflect back 
ef zero when current is circulating through it in the 
wrong direction. The meter reading from the left blade 
to the right blade should be the same as that from the 
left jaw to the right jaw. If the voltmeter reads right 
in one of these positions and reads backward in the next, 
it indicates that the polarity of the machine is reversed. 

The easiest way to pclarize the generator correctly 
with absolute safety is to shut down and remove the 
brushes. The brushes should be placed so that they will 
not touch the commutator or the frame of the machine. 
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It is general practice to let the brushes on the lower 
studs hang by their pigtails while the brushes in the 
upper studs can be thrown backward over the studs so 
that .the pigtail will not allow them to touch the com- 
mutator. Also it is a little more trouble but somewhat 
safer to place these brushes crosswise on the tops of the 
holders and hold them in place with the spring. If some 
fiber is handy, this can be slipped between the brushes 
and the commutator instead of removing brushes from 
the holders. 

Now turn the rheostat to the “all-in,” or “low-volt- 
age” position. See that the circuit breaker is open. Con- 
nect the left switch jaw to its blade with a piece of fuse 
wire. Do the same to the right switch blade and jaw, 
as in Fig. 3. Now close the circuit breaker and slowly 
cut out the resistance. Then cut the resistance all in 
again so that the field current will be reduced as much 
as possible and open the circuit-breaker and remove the 
fuse wire. 


FIELD MAY BE WRONGLY CONNECTED 


Bring the voltage up to normal as before. Now test 
for polarity, and if the directions have been followed 
it cannot fail to be correct, except in the-possible case 
of the field being wrongly connected. When the field is 
wrongly connected, the voltage will not build up. The 
remedy is to reverse the field connections at the machine. 
In case there should be an open-field connection, there 
will be no are when the circuit breaker is opened as be- 
fore described. 

Take the polarity from one switch blade to the equal- 
izer switch blade and then to the two corresponding 
switch jaws. If the equalizer is on the proper side of 
the line, the same polarity will be obtained in each case. 
The machine can now be adjusted to the same voltage 
as that on the switchboard and closed in on the line and 
loaded. 


(In the next article Mr. Thompson will explain some 
points on the proper handling of a turbine.) 





Experience has shown that wire ropes of compound 
construction, subjected to corrosion influences, are likely 
to deceive engineers as to the strength remaining in 
them, says a circular issued to managers of mines on 
the Rand, South Africa. Where reduction of diameter 
or circumference of the rope has taken place, not ac- 
counted for by the evidence of wear, the part of the 
rope under examination should first be fully loaded 
and then relieved of the load. Any noticeable difference 
in circumference in these circumstances and the slack- 
ening of the outside wires when the load is off will 
indicate that internal corrosion has taken place. The 
extent of corrosion inside the strand can be estimated 
only by the slackness of the outside wires. The cor- 
rosion between the strands can be further examined by 
untwisting the rope or displaying the strands sufficiently 
with a marlin spike.—The Engineer. 





An ideal air compressor would have no clearance 
space at the end of the compression stroke or cycle, as 
any air remaining in the clearance space simply expands 
again, reducing the capacity of the unit. As zero clear- 
ance is practically impossible as well as inexpedient, and 
cooling in the compression chamber limited, when high 
pressures are desired it is found advantageous to use 
multiple-stage units, cooling the air between the stages 
in what are known as intercoolers. 
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Ozni P. Hood, Chief Mechanical Engineer of the 


Bureau of Mines 


acute public sense of the importance of fuel 

economy. By the suggestion of simple measures, 
and a ready acceptance of them by fuel users through 
patriotism or apprehension of a compulsory shut-down, 
it was demonstrated positively that fully a quarter of 
the nation’s coal consumption can be saved, and this by 
ordinary attention to common principles and simple 
\practices. As a 
war measure this 


| Dyece the war the national peril aroused an 


pattern and model maker and secured his early educa- 
tion. His technical education was obtained at Worcester 
Polytechnic Institute and at Rose Polytechnic Institute. 
He was among the first to be graduated by the latter 
institution. His first position after graduation was as 
instructor and mechanical engineer at the Kansas State 
Agricultural College. He was a member of the faculty 
of that institution for twelve years. He then joined the 

faculty of the 

Michigan School 





work of the Fuel 
Administration 
was a success. It 


of Mines, where 
he served thirteen 
years. In addi- 





would be equally 
beneficial, if not 
so imperative as 
a peace measure. 
The hope has 
been that it would 
be carried on by 
the Bureau of 
Mines, and the 
possibility of 
making a start in 
this direction by 
having the Bu- 
reau undertake 
the inspection of 
coal on its way 
to the purchaser 
has been dis- 
cussed. Should 
this be done, the 
man who would 
probably be in- 
trusted with the 
institution of the 
system is Ozni P. 
Hood, the Chief 
Mechanical Engi- 
neer of the Bu- 
reau. Just at 
the present time 
Mr. Hood’s atten- 
tion is being di- 
rected toward the 











OZNI P. HOOD 


tion to his school 
work Mr. Hood 
was allowed to 
maintain a con- 
sulting practice. 
During the thir- 
teen years he was 
with the Michi- 
gan- School of 
Mines, he made 
special reports 
for nearly every 
mining company 
in the Michigan 
copper district. In 
1911 Dr. Joseph 
A. Holmes came 
to him with a re- 
quest that he help 
him make a suc- 
cess of the Bureau 
of Mines, which 
had only recently 
been established. 
He accepted the 
offer and has been 
Chief Mechanical 
Engineer of the 
Bureau ever since. 
The United States 
Geological Survey 
superpower in- 
vestigation _ staff 











solving of the me- 

chanical and 

chemical obstacles which separate the great lignitic 
resources of the country from commerical success. A 
plant embodying many ideas worked out-in Mr. Hood’s 
office is being created in the North Dakota lignite field, 
and the most pretentious effort ever made to com- 
mercialize lignite is well under way. 

Practically every year of Mr. Hood’s life, since fhe 
days he worked as an apprentice for his father, who 
was a pioneer in the development of cash registers and 
adding machines, has seen an accomplishment of more 
than ordinary merit. Much of his work has been with 
the idea of increasing the efficiency of power plants. 


Mr. Hood was born in Lowell, Mass., June 14, 1865. 
His parents moved to Indianapolis shortly after his 
birth, and it was there that he learned his trade as a 


is being organ- 

ized and Mr. Hood 
has been designated as one of the engineering staff to 
co-operate in this work. In this work his attention will 
probably be directed to the various problems of fuel 
economy. 

It is anticipated that gas may possibly form one im- 
portant medium for the transfer of energy from the 
western Pennsylvania and West Virginia fields to the 
region nearer seaboard, where the demands for power 
and other forms of energy are greatest. If so, it will 
be very important, indeed, to have these aspects of 
the work properly represented on the senior board of 
engineers. Extensive plans have often been discussed 
for coking of coal at the mine, and it is possible that 
such engineering projects may require considerable 
attention in the course of this work. 
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The Emmet Mercury-Vapor 
Power Apparatus 


VER since Carnot showed that the efficiency of a 

heat engine depends on the range of temperature 
over which it operates, engineers and scientists have 
been trying to increase the temperature ranze cf power- 
generating apparatus. In the earlier engines steam 
was used because of its convenience, and the same 
reasons still exist for its continued use. The difficulties 
of mechanical construction to handle large pressure 
ranges, however, placed a practical limit on the tem- 
perature range. With this fact in mind, scientists 
investigated the properties of other substances in the 
hope of finding a substitute for water vapor, but found 
the same difficulty in every case. It is true, they found 
vapors having much higher boiling points at usable 
pressures, but these same vapors had high boiling points 
at workable condenser pressures so that no very great 
gain was made in the available temperature range. The 
same facts held for substances having boiling points 
lower than that of water. 

The next suggestion was to use two substances in 
series. A liquid having a high boiling point was to 
be vaporized in a boiler, used in an engine or turbine 
and condensed in a condenser which acted as a boiler 
for a second liquid having a lower boiling point. This 
second substance was to be used in an engine and con- 
densed as usual. In most cases water was suggested 
as one of the substances—sometimes as the first and 
sometimes as the second, depending upon the properties 
of the other liquid chosen. 

On paper this scheme worked beautifully. It prom- 
ised to revolutionize the power-plant industry. Its 
actual application, however, encountered obstacles. The 
complicated apparatus necessary offered apparently 
unsolvable problems. The chemical properties of the 
various substances presented new difficulties. Thus, 
most engineers came to think that the binary-vapor 
power plant was a good idea that could not be made 
to work. 

One man, however, felt that it could be made to 
work. He knew that the idea was theoretically sound 
and was convinced that the practical difficulties could 
be overcome. In this issue of Power is a short account 
of the binary-vapor apparatus using mercury vapor and 
steam which has been developed by W. L. R. Emmet. 
Mr. Emmet made public a description of his plant about 
six years ago, and at that time he apparently had a 
workable apparatus. The intervening time has been 
spent in experimenting and perfecting the various 
details until commercial application seems possible. 

When the Edison Medal was presented to Mr. Emmet 
recently, he stated, in reply to remarks by H. W. Buck, 
that commercial application was being made, and 
expressed the hope that it would be a commercial suc- 
cess in a very short time. In this connection there is 
a persistent rumor that an Emmet mercury-vapor plant 
is being built for the Hartford (Conn.) Electric Light 
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Company. The reputation of President Samuel G. Dun- 
ham, of the Hartford company, for intelligent progres- 
siveness in power-plant engineering, adds strength to this 
rumor. It will be remembered that it was in the plant 
of this company that the first steam turbine of com- 
mercial size was installed for electric-power generation. 
It wou'd be appropriate if the first commercial binary- 
vapor plant should be installed there. 

The success of Mr. Emmet’s apparatus will have an 
almost revolutionary effect on power-plant engineering. 
It cuts down, by a very appreciable amount, the loss 
of available heat, which results from the big temper- 
ature drop from the furnace to the water in the ordinary 
boiler. In other words, it increases the amount of heat 
that may be transformed into power and decreases the 
amount that must be thrown away in the condenser 
cooling water. Thus, the power per unit of fuel in 
the central station will be greater. In the industrial 
plant using exhaust steam for heating or steam at any 
pressure for processes, power may be taken out from 
that part of the temperature range which has been 
unavailable. The date of the installation of the first 
commercial Emmet mercury-vapor plant will take a 
prominent place among the epoch-marking dates in engi- 
neering history. 


The Interstate Inspection 
of Boilers 


O. MYERS, chief deputy in charge of the boiler- 
« inspection division of the Industrial Commission 
of Ohio, has an article in the July issue of the Jnter- 
national Steam Engineer which deserves wider circula- 
tion and the interested attention of all who are con- 
cerned with the inspection of boilers. With the boilers 
already installed a state department can deal after its 
own fashion without complications with the boiler 
manufacturers or the inspection departments of other 
states. In any effective system of supervision, however, 
new boilers must conform to some accepted standard, 
and unless there is to be all sorts of confusion in the 
interstate use of boilers and all kinds of expense and 
complication to manufacturers, there must be a com- 
mon standard, a boiler built to which will be acceptable 
to the inspection department of any state. 

Such a standard is that formulated by the Boiler 
Code Committee of the American Society of Mechanical 
Engineers. A boiler built to that code, the adequacy 
of which has been avouched by the best authorities on 
boiler construction in the world, ought to be acceptable 
to any board whose decisions were controlled by nothing 
but real purpose to guard the public safety. But how 
is the boiler inspection department of Massachusetts, 
for example, to know that a boiler built in Ohio has 
been built in accordance with the code? The boiler 
must be inspected in the process of manufacture, and 
no state can maintain an inspector of its own in every 
boiler shop that is likely to send boilers to it. 

The natural suggestion would be that the states 
accept the certificates of each other’s inspectors; that 
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when a duly qualified inspector puts the A. S. M. E. 
stamp upon a boiler, it should be generally acceptable. 
But what is a “duly qualified” inspector? Some of the 
states are more particular than others as to the quali- 
fications of the men upon whose painstaking and consci- 
entious performance of their duty, life and property 
depend. It is not unheard of that a barber or another 
having as little training for and knowledge of the boiler 
inspector’s duties has been appointed through political 
favor to this office, and it is the possibility of such 
malpractice that makes it impracticable to get the heads 
of all state departments to agree unreservedly to accept 
each other’s inspections. 

A logical solution is through the national organiza- 
tion of the heads of inspection departments, known as 
the National Board of Boiler and Pressure Vessel 
Inspectors, of which Mr. Myers is secretary. This 
organization ought to determine what the qualifications 
of an inspector should be, and every inspector should be 
required to pass its examination and receive its certifi- 
cate of competency. Most of the chief inspectors of 
whom the board is composed control the appointment 
of the inspectors under them, and in a case where one 
does not, the appointing power would hesitate to ap- 
point a man who could and would not qualify under 
such an arrangement. If this could be done, the depart- 
ment of any state could accept with confidence a boiler 
marked with the A. S. M. E. stamp, confident that it 
has been put there by one competent to certify that it 
has been built in accordance with the requirements of 
the code. 


What Is the Efficiency of 


a Steam Engine? 


RECENT number of a popular magazine contained 

an article on the question of what is a luxury? 
It was pointed out that a luxury is something we can 
do without, while a necessity is something we must have 
if we are to live in decency, comfort and health. That 
was easy to define, but when it came to making legal 
lists of luxuries and necessities trouble began. There 
were too many differences of opinion. 

In the same way the word efficiency seems easy 
to define, but when we try to pin it down to actual 
application in engineering, there are differences of 
opinion and more or less confusion. It is one of the 
prime requisites of an engineering vocabulary that no 
ambiguity or uncertainty of meaning is permissible. 
Therefore it is to be regretted that a word so frequently 
used as “efficiency” should be used in so many differ- 
ent senses. Someone has said that it is a word that 
should never be used without a qualifying adjective. 
In engineering literature it generally is accompanied 
by an adjective, but different men attach different 
meanings to the same adjective and the confusion is 
only made worse. 

Power frequently receives letters calling attention 
to supposed inaccuracies in articles when the only error 
consists in a difference in the meaning attached tc 
the same term by the author of an article and the 
correspondent who criticizes it. Both are correct ac- 
cording to their own interpretations of the terms, and 
both have authority for their interpretations. The re- 
sult is confusion and unnecessary controversy over 
points on which everybody is really in accord. 

This confusion of terms is an especial hardship on 
the student or recent graduate of a technical school. 
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The faculty of his school use a given set of names 
for the various efficiencies, and the student learns to 
think in those terms. When he attempts to read gen- 
eral engineering books or papers or comes in contact 
with engineers from other schools, he finds what seems 
to him a foreign language. His time must be spent 
learning over again what he has already been taught 
instead of acquiring additional information. 

In this issue of Power is an article which points 
out a few, but only a few, of the cases where authori- 
ties differ in the names of the various ratios which 
come under the broad head of efficiencies. This article 
contains a short list of suggested definitions as the 
beginning of a standard for these terms. Obviously, 
action by some representative body of engineers is 
necessary before any general adoption of such defi- 
nitions, but it would appear that some such action 
should be taken or at least considered. 


Cheap Hydrogen? 
5 more inventors have wandered off into that 
path that leads to a dead end. Two Grand Rapids 
boys, now serving sentences in the state prison at 
Marquette, have written friends at home that they 
believe they are successful in developing a chemical 
process from which they may devise means of com- 
mercially extracting hydrogen from water, thus afford- 
ing fuel and power startling in economy. 

It takes as much energy to separate hydrogen and 
oxygen as they will generate by coming together again. 
The alleged discovery is just the same as though they 
had discovered a new way of lifting a weight. However 
it is lifted, it will take as much energy to separate its 
center of gravity from that of the earth as will be 
generated by their approach to the original distance. 
In combustion the atoms of hydrogen and oxygen “fall” 
toward one another, and the momentum acquired in the 
fall is heat. It takes as much energy to “lift” them 
away from one another as is generated by their rush 
toward one another. There is nothing in it unless the 
dissociation can be effected by energy now wasted. 


According to the fourth monthly bulletin on coal 
costs of the Federal Trade Commission the average sales 
realization of the 812 operators reporting to the Com- 
mission for April was $3.26 per ton, while their reported 
f.o.b. cost amounted to $2.76. These figures are inter- 
esting to those who, notwithstanding they have con- 
tracts at much lower prices, are paying four, five or 
six times as much. We have yet to learn of any intelli- 
gent attempt to put an end to the conditions which per- 
mit this continued preying upon the industries of the 
country and upon those who buy the products of the in- 
dustries. And we have yet to learn of a single instance 
where summary and adequate punishment has been in- 
flicted upon those who practice-it. If it is legal, there 
is something radically wrong with the laws. If it is 
legally, as it is certainly morally, criminal, there is some- 
thing radically wrong with those who are charged with 
the administration of justice. 


If it is a fact that the present high prices of coal and 
interruption to industry, to say nothing of the threat- 
ened shortage of the coming winter, are due to car 
shortage every shop in the country that can make cars 
ought to be running twenty-four hours a day. Are 
they? 
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Recently Inspected Boilers 


I recently operated a tugboat, the boiler of which was 
inspected and hydrostatically tested a short time ago at 


Buffalo, by United States inspectors. One week later I 
took the tug as engineer and found the crown sheet 
with a patch 8 in. wide by 11 in. long, placed on the in- 
side and electrically welded. Stays were put in the 
patch less than 4 in from the weld. I also found three 
small cracks and two bags. 

I made one trip with the captain who owns the tug, 
and he says the boiler is all right. The patch would not 
stay tight at 60-lb. steam, and 145 lb. is the operating 
pressure. What kind of inspection was it? 

Syracuse, N. Y. R. G. SUMMERS. 


Comparison of Pulverized-Coal Tests 


Joseph Harrington’s comments in the June 22 issue 
of Power regarding the comparison of pulverized-coal 
tests were read with interest. It is difficult to see the 
logic of his assertion that the fundamental. principles 
involved in the underfeed-stoker design are incorrect. 
In view of the well-known part that this type of stoker 
has played in the progress of economically generating 
the ambiguous boiler-horsepower from less than the 
arbitrary ten square feet of heating surface (Why not 
measure it in boiler-heating power?), surely it should 
be credited for scme of the most far-reaching progress 
made in central-station operation in the last ten vears, 
and it has been the means of spreading a better knowl- 
edge of the fundamental principles of burning bitu- 
minous fuels than any other type of stoker in existence. 

Judging from a theoretical and scientific standpoint 
of the fundamental requirements of burning unprepared 
bituminous fuels high in volatile matter content, the 
underfeed principle conforms admirably with these 
requirements and the widespread practical application 
of this principle, and stokers embodying the same, can- 
not be overlooked. 

Mr. Thompson’s remarks have a bearing on the true 
solution of any engineering problem in connection with 
the generation of heat, steam, or electricity. The 
power-plant designer and operator alike fully realize 
that the maximum commercial efficiency is the ultimate 
criterion of a piece of power-plant apparatus and that 
this term as applied to a stoker and its relationship 

9 a boiler room, at large, embraces a well-adjusted rela- 
tion of many independent factors, such as first cost, 
installation cost, cost of brickwork, combined furnace 
and boiler efficiency, combustion capacity, ability to 
efficiently handle almost any kind of coals (especially 


the low-grade and clinkering coals) without excessive 
labor, flexibility of operation, simplicity in handling, 
low maintenance to stoker parts as well as furnace 
brickwork, reliability against shutdowns, service of the 
manufacturer, etc.; that the best obtainable value of 
only one or two of these factors, if the remaining 
factors are not considered, will lower the value of the 
maximum commercial efficiency; and that to compare, 
say, one system of burning a particular fuel or one 
stoker with another on an efficiency basis alone, is, to 
say the least, incorrect. 

If a certain method or principle of burning fuel, 
having all the theoretical and scientific requirements 
for the proper combustion of the volatile as well as 
the fixed-carbon portion of such fuel, yields results 
known in practice to be superior to any other method of 
burning such fuels under the same conditions, then the 
principle or basis of burning such fuel is demonstrated 
to be correct. 

This principle, however, may be incorporated in a 
particular stoker design and give unsatisfactory results 
from “clinker formation, periodic dumping, uneven 
thickness of fire, fuel-bed disturbance, etc.,” and also, 
as Mr. Thompson states, from the emission of “large 
sparks indicating the carrying away of combustible.” 
Such results, however, are due to imperfect stoker 
design, not to the underfeed principle. 

The gross efficiency mentioned by Mr. Harrington, 
is, of course, a combination of boiler and furnace effi- 
ciency at a certain rating, with a certain fuel. Such 
factors as boiler and furnace performance are involved 
in this figure and make it difficult to see the com- 
parative value between the gross efficiency figure men- 
tioned at the Oneida Street plant test with an underfeed 
stoker and a predicted future method of stoking which 
will produce “a gross efficiency of 80 per cent.” 

If I recall correctly, Dr. Jacobus’ figures from tests on 
underfeed stokers at the Delray plant of 79 to 80 per 
cent gross combined boiler and furnace efficiency were 
obtained at 107 to 125 per cent of boiler rating during 
24- and 48-hour periods with a special Stirling boiler 
rated at 2,365 hp., coal of the Red Jacket kind, 14,000 
B.t.u., and a stoker having an underfeed-grate area of 
250 square feet. 

It seems that too often in our technical magazines 
comparative figures of performance are given which, if 
analyzed, are found to have no common standard of com- 
parison, and offhand statements are made which a fair- 
minded engineer, or surely a competitor in a friendly 
way, would label as commercialism. 

Frederick, Md. EDWIN LUNDGREN. 
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Maximum Length of Longitudinal 
Joints in Boiler Shells 


Owing to distance, this contribution relating to the 
maximum length of longitudinal joints of boiler shells 
will be a little late, but as the subject is of interest 
a further discussion may not be out of place. The 
difficulty of the problem to determine with accuracy the 
stresses to which the material of a cylindrical shell is 
subjected by internal pressure is clearly shown by the 
differing opinions of various correspondents. If the 
common rule in designing machinery, to make it of 
equal strength in all its parts, were adhered to in the 
case of a vessel of uniform thickness of walls, the shape 
of the vessel would have to be that of a sphere. The 
form of a sphere alone remains stable under any pres- 
sure, and the strain of the material of which it consists 
is identically the same in every direction. Inasmuch 





FIG. 1. NOTE THE PLATE DESIGN OF THE 


EXPLODED BOILER 


as the shape of a cylinder differs from that of a sphere, 
there are different stresses working in the various 
directions. 

The common methods of calculating these stresses are 
based upon so many assumptions that their results are 
highly misleading. But within the limit of elasticity 
a measure of the actual stresses working may be found 
in the deformations of the shell under pressure. By 
these means Mr. Stromeyer tried to solve the problem. 
The startling results he obtained are far from being 
improbable. He found that in one case the stress in 
the solid plate, next to the end of the longitudinal joint 
of the neighboring course, was eight times as great as 
thet in parts of the solid plate farther away from the 
joint. But this certainly holds good only for a definite 
height of pressure. The proportion may be still greater 
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at a lower pressure, while the absolute stresses may 
be smaller, for the stresses wander and shift with the 
rising pressure. 

The manner in which a boilermaker handles the plates 
cannot be compared to that of an instrument maker. 
The plates of a boiler receive hard treatment when 
they are hammered, bent and riveted one to the other. 
This treatment strains the material in some parts even 
without any internal pressure working. These pre- 
existing stresses augment or reduce, as the case may 
be, the strain produced by the internal pressure. 

Now, a cylindrical boiler shell is neither rigid enough 
nor so elastic that the rising strain produced by an 
augmenting internal pressure would be immediately 
transmitted to every part of the structure. The well- 
known noises heard when a boiler is tested by hydraulic 
pressure testify that one part after the other takes its 
charge, and there can be no doubt that in some parts 
the limit of elasticity will be reached and transgressed 
at relatively low pressures if the ultimate strength of 
the whole depends on the strength of all its part. A 
comparison may help to make matters clearer. 

A weight hanging on several ropes strains them in a 
different measure, as it is practically impossible to 
get ropes of exactly equal length and of the same 
quality. The unavoidable differences account for the 
fact that as long as the weight is light, it-is borne only 
by the shortest ropes or by those of least elongation. 
It is only after the stretching of these ropes that, with 
a heavier weight, the other ropes partake of the 
weight and the stresses equalize. No doubt the limit 
of elasticity might have been transgressed in some 
ropes. Furthermore, the conception of a limit of 
elasticity corresponds to no reality. In fact, there is 
no other limit but a limit to our senses and faculties 
of seeing and measuring. By controlling the interfer- 
ence stripes of monochromatic light, as Mr. Stromeyer 
did, the so-called limit of elasticity must have been 
reached at much lower values than generally assumed. 

To answer the question whether long or short courses 
were preferable in boiler construction, let us first 
consider shells without any longitudinal joint. The 


well-known formula S = a applies to a cylinder of 


infinite length. A hose of a fire engine may serve for 
an example. The pressure p causes the diameter D 
to increase, but there is no possibility of its assuming 
the shape of a sphere. Should there be iron bands 
placed around the cylinder certain distances apart, they 
would prevent the cylinder from expanding at the places 
where they are put, by themselves taking part of the 
stress, while the remaining stress on the plate would not 
be sufficient to stretch it as much as the entire stress 
does in those parts where there are no rings. The 
stress in the plate under the ring is therefore smaller 
than elsewhere. The strengthening effect of each ring 
may even be noticeable to some extent on both sides 
of the ring and the stress in the solid plate midway 


between two rings cannot even reach S = 2p » though 
its value would be the nearer to this limit the farther 


the rings are set apart. The elongation of the mate- 
rial being proportionate to its strain, the cylinder 
becomes barrel-shaped between any pair of neighboring 
rings. The rings cannot be considered otherwise thar 
that they are strengthening the structure. 

The overlapping ends of the plates at the circum- 
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ferential lapped joints or the butt-straps of butt- 
strapped girth joints may well be compared to such 
rings, the more so as the section of the doubled plate 
in the joint after deduction of the rivet hole is still 
greater than the section of the solid plate. The result 
of this reasoning is, therefore, that a cylindrical shell 
consisting of several courses riveted together by lapped 
or butt-strapped circumferential joints will better resist 
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As has been shown, circumferential joints, whether 
lapped or butt-strapped, are a means of reducing the 
transversal stresses. It follows that circumferential 
joints must be regarded as strengthening the structure. 
Moreover, girth joints allow the staggering of the long- 
itudinal seams in the courses and thereby another 
advantage is obtained, as part of the stress of the 
longitudinal joint is borne by the solid plate of the 
adjoining course, as Mr. Stromeyer has clearly demon- 
strated. The weakest points of a drum consisting of 
several cylindrical courses, riveted together in the usual 
manner, are to be looked for in the midst of the several 
longitudinal joints, and I think Mr. Jeter is right in 
assuming that a boiler tested to destruction would first 
give way at one of these points. 

In our country every boilermaker is free to make the 
longitudinal joints as long as he chooses; our Jaws do 
not interfere, and if a boiler shows no signs of weak- 


_ness at the official hydraulic test, there is no restriction 
“whatever for it to be put in use. 

j The return-tubular boiler, so much used in the United 
‘States, is not a favorite in our country. In fact, it is 
















FIG. 2. EXPLODED SCOTCH MARINE BOILER 


internal pressure than a drum without girth joints. 
The lower resistance lengthways may be left out of 
consideration, as circumferential joints are necessary in 
any case for joining the heads to the drum. 

The next question is in how far this reasoning stands 
when there are longitudinal joints. In a drum of 
infinite length with no circumferential joint and one 
longitudinal joint, the internal pressure p would set 
Dp 
2t, 
with x >1. The calculated stress in every other part 
of the plates and in a direction transversely to the axis 


of the drum would be, as formerly, S = = - These 
stresses deform the cylinder, the length of which cannot 


up a strain of the material in the joint of S = zx 


regarded as rather a poor boiler. The majority of our 
boilers up to 1,000 sq.ft. of heating surface are of 
the Cornish or Lancashire type with one or two internal 
furnaces. Larger units of cylindrical boilers are of 
a combined type. Our boiler manufacturers, fully 
aware that the weakest points of the shell are in the 
longitudinal joints, try to make each course of the shell 
with as few longitudinal joints as possible. The weak- 
ness of a boiler shell betrays itself by the leaking at its 
longitudinal seams, while girth seams seldom become 
leaky. There is also a small difference in the tensile 
strength of a plate lengthwise and crosswise to the 
direction of its having been rolled, and for this reason 
there is some advantage derived by disposing the length 
of the plate circumferentially. Therefore, the courses 
of the shells of our cylindrical boilers do not generally 
exceed the length of six feet. 

Some of the very few exceptions to this practice 
had very discouraging results, and the accompanying 
illustrations show the result of two fatal explosions 
that occurred some years ago with boilers whose shell 
consisted of only one course with four longitudinal 
joints of considerable length. The illustrations speak 


) any more be assumed infinite, as the one-sided weakness for themselves. The exploded boiler of Fig. 1 was a 
7 due to the joint would cause the curving of the cylinder, two-story boiler consisting of a shell with two internal 
; the joint being on the concave side of the curvature. furnaces beneath and a tubular boiler on top. The shell 
y There would be no curving if the cylinder had two or of the latter, which measured 6 ft. in diameter and 13 
S any even number of joints diametrically opposed to ft. in length, consisted of one course of plates 0.65 
e each other. in. in thickness with four longitudinal double-riveted 
t The shearing stresses set up in the plates near the lap joints. The allowed pressure was 156 lb. per square 
S seams have been explained very clearly by Mr. _ inch. . 
e Stromeyer in his book, “Marine Boiler Management and The other boiler, the shell of which is shown in Fig. 
Y Construction,” and there remains hardly anything to 2 after the explosion, was a Scotch-marine boiler with 
4 be added in this respect. These queer shearing stresses two furnaces; the shell measured 6 ft. 5 in. in diam- 
2s are produced by the tendency of the strained joints to eter and 9 ft. in length and consisted also of only four 
Ly contract lengthways and to bend the cylinder. Although plates, } in. in thickness with four longitudinal double- 
a symmetrically opposite joint may prevent bending, riveted lap joints. The boiler was considered safe for 
rh nevertheless the tendency exists and is at work. The a steam pressure of 114 lb. per square inch. It car- 
er strain caused by it is independent of the length of the ried about 110 lb. per square inch at the time of the 
“ seam, and in this respect a short joint is no better explosion. 
er off than a long one. Now, as these strains are due It is only recently that the drums of some novel types 
ng to the stresses working transversely to the axis of the of water-tube boilers are made with continuous longi- 
on cylinder, all means that help to reduce these stresses tudinal butt-strapped joints, 8 and 10 ft. long. No 





may serve as well to reduce the strains herein 
veferred to. 


failure of such has as yet been reported. 
Vienna, Austria. FRITZ KRAUSS. 
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Burning Sawdust To Reduce the 
Fuel Bill 


I thought it might be of interest and possibly of some 
benefit to tell the readers of Power what I am doing 
during the present serious and critical fuel situation 
to keep our power plant in operation and reduce running 
expenses. 

The last car of coal we bought on contract, received 
in April, cost us $3.09 per ton f.o.b. mines. The next 
car we bought cost us $9 per ton f.o.b. mines. Our 
average consumption of coal is three 50-ton cars per 
month. The increase, therefore, in the price of coal 
would add approximately $900 per month to our fuel 
bill. This was more than we felt we could stand. Fur- 
thermore, it was almost impossible to get coal at any 
cost. I decided to try something that I hoped might 
help us out. 

There were several large piles of sawdust from three 
to five miles distant that could be reached by an ordinary 
truck and I determined to rent a truck and haul this 
sawdust to the power plant to be used, to a large extent, 
as a substitute for the expensive coal. With two men 
on the truck we are hauling 12 tons of sawdust per day, 
six days per week. Now, instead of burning four to 
five tons of coal per day we are burning not to exceed 
14 tons. We are hauling sawdust fully 50 per cent 
faster than we are burning it. After we get rigged up 
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Determining Depth of Crack 
in Crankshaft 


The letter of D. L. Fagnan on circumferential cracks 
in a 14-in. crankshaft reminds me of an experience. The 
circumstances were different from those related by Mr. 
Fagnan, in that there was no doubt as to there being a 
crack, which was gradually growing longer, and the tell- 
tale red or brown oil had continued to ooze out for some 
time. The crack is represented by Fig. 1. 

The owners desired to know how deep the crack was 
and something of the remaining strength of the shaft. 
F. W. Salmon, with whom I was then associated, as- 
sumed that if the neutral axis of the shaft could be lo- 
cated, the depth of the crack could be found, assuming 
it to have the shape of a saw cut, as shown. 

There was a heavy rope wheel on the shaft close to 
the crack, which had a tendency to cause the shaft to 
bend. The method employed by Mr. Salmon to locate 
the neutral axis and find the depth of the crack was 
as follows: He drilled and tarved a 3-in. hole at each 
side of the crack, and similar holes were made dia- 
metrically opposite the first ones. Then 2-in. rods were 
screwed in and a gage, such as is used in machine shops 
for setting up work, attached to each pair of rods and 
placed 8 in. from the shaft, as shown in Fig. 2. 

The crack was placed on the top center and the gages 
read. The crack was next placed on the outer and 
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FIG. 1. SHOWING DEPTH OF CRACK FIG, 2. 





as planned we do not believe it will be necessary to 
burn even one ton of coal a day. The expense of haul- 
ing the sawdust does not exceed $18 a day. We are, 
therefore, saving over the present prices of coal ap- 
proximately $100 a week. I have been conservative in 
regard to the amount of sawdust mentioned as hauled. 

At present we are hand-firing the sawdust, but will 
soon have a rig that will make it easy on the firemen. 
We have a blower system for conveying sawdust to 
our furnace from a small sawmill near by, but the saw- 
dust we are hauling is too wet to handle with this 
system. 


We have a dutch oven that was built under our 
boiler when installed to burn sawdust, shavings and 


peanut hulls. 

There must be many light and power plants facing 

similar fuel conditions that should take some steps to 

utilize as fuel some of the immense piles of sawdust 
around them. L. R. MILLS, JR. 
Supt. Light and Water Commission. 

Scotland Neck, N. C. 
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inner centers, but the gages showed no change in read- 
ing. When the crack was placed on the lower center, 
the opening effect was apparent by the reading of the 
gages. 

Had there been no crack, the readings should have 
remained the same and the neutral axis would be at 
the center of the shaft. Suppose the difference between 
the original readings of the gages and the readings 
with the crack on the lower center were 0.002 in. for 
the top gage and 0.003 in. for the bottom one, Fig. 3. 
Then the neutral axis is found from the equation, 


0.003 0.002 
30-x soak 

The neutral axis would be 15 — 12 = 8 in. from the 
center of the shaft. 

I do not remember the readings of the gages or the 
depth of the crack, but I know that Mr. Salmon recom- 
mended a new shaft, and I checked analytically the 
depth of the cut and computed the strength of the 
shaft in bending and in torsion. 


x = 12%. 
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Semi-Steel—What is the material that is known as semi- 
steel? R. N. B. 

So-called semi-steel is a special kind of cast iron produced 
by adding to the molten cast-iron scraps of wrought iron or 
steel by which the strength and toughness of the cast iron 
is increased, making it suitable for many purposes where 
more expensive material would be required. 


Falling and Rising Exhaust Line—What is indicated by 
falling and rising of the exhaust line of an indicator 
diagram ? M. S. 

A falling and rising exhaust line may be due to contracted 
exhaust ports or pipes that do not allow the steam to pass 
out as rapidly as it is displaced by the piston at its greatest 
velocity, thus creating greater back pressure toward the 
middle of the stroke; or a rise of pressure may be due to 
leakage of the piston or steam valve. 


Air Contained in Steam—Does steam contain the same 
amount of air as the water from which it is generated, or is 
there a different amount present? J. 2.8. 

When water is heated to the boiling point, practically all 
of the air becomes liberated and that weight of air is present 
as a mechanical mixture with the steam at the same 
pressure. When the steam is condensed to water, nearly all 
of the air that was mixed with the steam becomes dis- 
engaged as air saturated with moisture, the amount of 
moisture depending on the temperature at which condensa- 
tion takes place. 


' Negative Lead—What is meant by negative lead, and how 
would a valve be set to give negative lead? ¥F. J. G. 

Lead is the width of port opening when the crank is on 
dead center, and negative lead would be the amount the 
valve overlaps the admission edge of the port when the 
crank of the engine is on dead center. To set a valve with 
the same amount of negative lead at each end, turn the 
engine over and lengthen or shorten the valve rod, as may 
be necessary, to obtain the same travel of each end of the 
valve beyond the admission edges of the ports. Then place 
the engine on a center and set the eccentric in such a posi- 
tion that the valve overlaps the admission edge of the port 
for forward rotation by the amount of negative lead that is 
desired. 


Formula for Computing Pump Capacity—What is a 
simple formula for estimating the capacity of a pump? 
W. L. A. 
The capacity of a single, double-acting pump can be cal- 
culated theoretically by the formula 


Q= aX FX 12 
231 
where Q = displacement of one double-acting plunger in 


U. S. gallons, a= area of plunger in square inches, and F 
piston speed in feet per minute. 
Where ao = diameter of plunger in inches, the formula 
be cOmes /~ 


““d* X 0.7854 X FX 12 
7 331 or Q 


For ‘actual capacity the displacement bv the viston rod 
and percentage of slip of the pump must be deducted. 


= 0.0408 d*F 








Removing Grease from New Boilers—How can oil and 
grease be removed from a new boiler before it is put in 
service? i ae 

Place in the boiler about half a pound of soda ash per 
horsepower capacity and, with the boiler filled with clean 
water to the highest gage cock, start a slow fire. After 
holding the water to the boiling point for about twelve 
hours, allow the fire to die out and the boiler to cool slowly, 
after which drain the boiler and then open it and wash out 
thoroughly. 


Sling Stays of Internally Fired Boilers—What are sling 

stays, used in construction of internally fired boilers? 
R. G. 

In locomotive and marine types of boilers, where girder 
stays are used for supporting the crown sheet or top of the 
combustion chamber, the girder stays, in addition to having 
end supports, are commonly supported at intervals of their 
span by short articulated stays, called sling stays, fastened 
to the girder and top of the boiler. The required depth of 
the girder stays is thereby reduced, and with the crown 
sheet suspended from the girders the staying is equivalent 
to having a flexible arrangement of through stays from the 
crown sheet to the top sheet of the boilers. 


Sizes of Tubes for Return-Tubular Boilers—What deter- 
mines the sizes of tubes suitable for a horizontal return- 
tubular boiler? W. A. 

The most suitable size of tubes depends on their length, 
the kind of coal to be burned, the facilities for cleaning and 
the force of the draft. The smaller the tubes the greater 
the total heating surface for the space occupied, but the 
more easily they clog with soot and choke the draft. The 
larger the flues the less the heating surface for a given 
amount of tube space and less efficiency of heating surface. 
For operation with natural draft a common rule is to allow 
one inch of nominal diameter for each four feet of length 
for use of bituminous coal or for each five feet of length for 
anthracite. With forced draft and frequent cleaning smaller 
tubes can be used. 


Testing for Engine Oil in Feed Water—What simple test 
can be made to determine whether boiler-feed water con- 
tains oil from the engine? W. E. D. 

The presence of grease or oil in water will be shown by 
addition of caustic soda. Prepare about one-half pint of 
concentrated solution of caustic soda, and in separate clear 
glass vessels take the same quantities of the raw water and 
of the feed water supposed to contain engine oil. With a 
measuring beaker determine how much of the soda solution 
must be added to the feed water to produce a milky precipi- 
tate. Add the same quantity of the soda solution to the 
sample of raw feed water and then by adding engine oil 
drop by drop until the sample of raw water has acquired 
the same turbidity as the sample of feed water, it may be 
approximately found what equal quantity of oil has been 
picked up by the sample quantity of feed water. 





[Correspondents sending us inquiries should sign their 
communications with full names and post office addresses. 
" —Editor.] 
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Limitations to High Vacua* 
By A. B. BAILEY+ 


The question of high vacuum has interested plant opera- 
tors recently especially on account of the more efficient 
air-removal devices used. The tendency toward the use 
of high-vacuum condensing equipment has been continually 
to demand higher vacuum with the idea that this means 
greater economy. Under ordinary conditions this is ad- 
mittedly true, but the conditions under which greater vacua 
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could be obtained introduce a number of factors that may 
more than offset any possible gain in economy. 

It appears that a large number of plant operators have 
gone on demanding higher vacuum under their present 
equipment without regard to the difficulties to be overcome. 
Others have maintained that there is a definite limit to 
the vacuum obtainable beyond which it would not pay to 
go. The former advanced the usual theoretical reason for 
higher vacuum, but produced no actual data to substantiate 
the claims, which for this reason are nothing more than 
professional opinions. 

On the other hand, the claim that there is a definite 
limit to economical vacuum has at least partial substantia- 
tion by experiment on equipment as it is, but this does not 
necessarily indicate the possibilities of a turbine-condenser 
equipment designed originally for high vacuum. By high 
vacuum is meant an approach to the conditions of an ideal 
condenser working under average conditions as to tem- 
perature and velocity of circulating water. 

As no real data are available to show just what are the 
limitations of maximum economical vacuum, the discussion 
here is confined mostly to the problems that future develop- 


ments must overcome in approaching the conditions of an 
r 





*Presented at the recent convention of the National Electric 
Light Association, Pasadena, Cal. 

~Chief engineer, Fiske and wanety Street Stations, Common- 
weulth Edison Co., Chicago, Ill. - 
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ideal condenser. It is ordinarily considered that higher 
vacuum is a function of the condenser only, but as a matter 
of fact it involves not only this but the design of the tur- 
bine, particularly the final expansion stages, tightness of 
turbine casing and condenser and the ability to remove 
highly rarefied air. 

For the purpose of illustration in this discussion the con- 
ditions of a surface condenser operating in connection with 
a 30,000-kw. Curtis-Rateau turbine are used and shown in 
Figs. 1 and 2. These conditions can be considered as present 
good practice, and the opportunities for and chances of 
further development are as good as with other types of 
generating units, or possibly better. 

One of the most important factors governing the maxi- 
mum vacuum possible is, of course, the amount of air to 
be removed. So condenser manufacturers claim that the 
amount of air to be removed from a condenser is directly 
proportional to the steam condensed. This may be true of 
a tight condenser wherein all the air enters by entrain 
ment with the feed water. Actual operation shows that a 
tight condenser and exhaust casing is a rare condition. 
Referring to Fig. 1, it is shown by the curves of partial 
air pressure and resistance to heat transfer that the amount 
of air to be removed was not proportional to the steam 
condensed, but actually more at low loads than at high 
loads. This fact is an indirect indication thai the air in the 
condenser was largely a matter of leakage, instead of 
entrainment with the feed water. Thus it can be seen that 
a condenser that is tight under all loads and temperature 
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conditions offers opportunity of increased vacuum. The 
vacuum conditions of no air leakage or entrainment are 
shown in Fig. 1 for all load conditions. This is probably 
impossible of attainment, but there is still a chance of 
improvement in this respect. 

A limiting factor of actual vacuum is the temperature 
of the condensate, inasmuch as a vacuum greater than that 
corresponding is impossible. It has been claimed that 
there were high vacuum possibilities in reducing the con- 
densate temperature, the limiting possibilities of which 
would be a mean of the circulating-water temperature. 
Referring to Fig. 1, this hypothetical vacuum is greater 
than that possible with an ideal condenser operating under 
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the conditions stated and is, therefore, impossible. Any 
gain in economy resulting from increasing the vacuum by 
reducing the condensate temperature would have to do 
more than balance that lost through the feed-water tem- 
perature. A heat balance shows only slight possibilities 
at high load. 

The most important limitations to high vacuum have to 
do with the design of the turbine itself, which is designed 
for a definite vacuum at its most economical load. The 
volume of a pound of steam at 1 in. abs. is 652 cu.ft., and 
at 0.5 in abs. is about 1,260 cu.ft.—almost twice the volume. 
On the present equipment this would mean a corresponding 
increase in the exit velocity for the last row of buckets, 
which means a large increase in the lost kinetic energy, 
this being in proportion to the square of the velocity. Such 
incomplete data as are available show that at loads from 
10,000 to 12,000 kw. (see Fig. 2) there is an increase in 
economy of about 3 to 34 per cent, while at higher loads 
no increase is indicated over a range of 1 in. to 0.5 in. abs. 
These percentages at 0.5 in. abs. were, however, assumed, 
as actual conditions of 0.5 in. abs. condenser pressure could 
not be obtained. 

Turbine-bucket design requires that the speed of the 
bucket bear a proper relation to the steam velocity. If 
this relation is to be carried out under high vacuum condi- 
tions, difficulties of design in the last stage of buckets 
nullify any possible gain in economy. If buckets are made 
too long, the velocity conditions on account of the flare 
would be such that steam would blow through without 
doing any work. 

If high steam velocities are used in the last stage, it 
must necessarily follow that a greater proportion of the 
work done must be accomplished there; and this would 
mean less efficiency than if designed for a lesser propor- 
tion of work. 

It would then appear from the foregoing that there are 
limitations to economical vacuum, but owing to the lack of 
complete data pertinent to this question, no exact limit or 
any set of conditions can be stated at this time. It does 
not appear that the conditions of an ideal condenser or 
vacuum of from 0.5 in. to 0.9 in. under the conditions as 
shown by Fig. 1 are impossible of attainment if increased 
economy is the governing factor. 


An Experimental Investigation of 
Steel Belting* 


Attention has been called from time to time to the suc- 
cessful use of thin ribbons of steel for belting, and the 
experiments here described were undertaken to determine 
the characteristics of operation of this type of power trans- 
mission. 

The apparatus designed for testing is shown diagram- 
matically. Two specially built high-speed pulleys with 
sheet-cork facing were arranged as shown, the driven 
pulley being directly connected to a Sprague dynamometer. 
Two idler pulleys running on ball-bearing axles were ar- 
ranged to measure the tensions in the belt. The idler on 
the tight side was held by a yoke to which was attached a 
short chain passing over a sprocket and carrying a scale 
pan on which weights might be placed. The loose-side idler 
Was carried by a similar yoke with a chain and sprocket, 
the chain passing vertically upward and being connected 
to a dial spring balance. Between the chain and dial bal- 
ance was placed a spring balance to act as a shock absorber 
and a turnbuckle to adjust belt tensions. 

The two pulleys being of the same size, the introduction 
of the idlers prevented the two sides of the belt from being 
parallel, and therefore the tensions were not equal to the 
values indicated by the weights or dial balance. This was 
corrected for by preliminary tests in which a spring balance 
was inserted in the belt and readings taken while rotating 
the whole apparatus slowly. From these readings plots of 


*A\bstract of a paper by F. G. Hampton, C. F. Leh and W. E. 
Helnick, for which the authors were awarded the Student and 
Junior prizes at the annual meeting of the American Society of 
Engineers in December, 1919. The complete paper was published 
in the July, 1920, issue of Mechanical Engincering. 
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actual tensions against readings of the dial balance and 
the amount of weight on the scale pan were made. 

The material tested was what is known commercially as 
clockspring stock. It is a very high-carbon steel, drawn 
and rolled, apparently ground to size, hardened and drawn 
to a dark blue color. A rough test showed a tensile strength 
of 300,000 Ib. per sq.in. and an elastic limit nearly as high. 
Pieces 0.01 in. thick receive no permanent set when bent 
around a radius of 3 in., but break clean when bent around 
a radius of i in. 

The chief difficulty in using such material for belting is 
to get a joint having a reasonable proportion of the strength 
of the material. This was further complicated in the tests 
by the necessity for the reverse bending of the belt around 
the idler pulleys. A plain butted joint held with silver 
solder was found satisfactory, although the short time it 
was in use gives no indication of its durability. 

Tests were run keeping the speed and tight-side tension 
constant and varying the load. Loads were increased until 
the loose-side tension became so low as to allow the belt 
to become unstable. After covering the possible power 
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range, the tight-side tension was changed and another series 
of tests was run. Finally, speeds were changed for fur- 
ther runs. 

In the first part of the paper, describing tests by Messrs. 
Hampton and Leh, it is pointed out that the slip was deter- 
mined from differences of readings on revolution counters 
attached to the driving and driven shafts. The error intro- 
duced by this method in some cases was as much as 100 
per cent of the slip, although the absolute values of revo- 
lutions per minute were determined with reasonable accu- 
racy. In later experiments by Mr. Helmick, a differential 
revolution counter was connected to the two shafts by 
chains and sprockets and arranged so that differences of 
109 revolution would be indicated by the ring gear, with 
a probable error of 5 per cent. 

The difficulty of measuring the velocity of slip led to 
considerable study to discover the laws governing the rela- 
tion of slip to the various other quantities involved. It was 
found that at a given speed and tight-side tension the slip 
increased slowly, but in direct proportion to the horsepower 
to a certain point, beyond which it suddenly increased very 
rapidly. Further investigation showed that this point cor- 
responded to that at which the tension due to centrifugal 
force equaled the slack-side tension, loads beyond this of 
course resulting in excessive slip and unstable conditions. 

As a result of the entire investigation the authors sug- 
gest that the equation Hp. 0.177,"" V. (where T; is the 
tight-side tension in pounds and V, the velocity of slip in 
feet per minute) may be useful in determining the tight- 
side tension for a given horsepower transmission with a 
reasonable slip (not greater than 3 ft. per min.). Knowing 
this tension, the belt may be cut to length by computing 
the total elongation due to tension and the distance the 
cork will be depressed. 

Considerable study was made of the relations of the co- 
efficient of friction to the various other factors and equa- 
tions deduced which are mainly of technical interest. It is 
noted that the efficiency of transmission fell below 98 per 
cent only in extreme cases. 





Fuel Oil in Steam Plants* 


By Epwarp H. COLEGROVE 


In buying oil certain specifications are made. The fol- 
lowing are fairly indicative of the demands made for a 
good grade of fuel oil: Specific gravity not over 0.96 nor 
under 0.85 at 59 deg. F.; B.t.u. not less than 18,500 per Ib.; 
water not over 3 of one per cent; sulphur not over 2 per 
cent; dirt and sand, none. 

The flash point of an oil is the temperature at which 
vapor is given off which in a closed container will ignite. 
The flash point of an oil should not be under 140 deg. F. 
Oil varies considerably in viscosity; that is, some oil flows 
through a pipe like cold molasses, and other oil flows like 
hot molasses. Very viscous oils will need to be heated to 
higher temperatures than thin oils for easy flow. 

If oil burning is to be introduced into a plant, it is of 
course necessary to make provision for storing and handling 
it, safely and economically. 

It is usually necessary to have storage space for three 
weeks’ supply. The storage tanks are either of cement or 
of steel. In New York State the insurance regulations re- 
quire that they be not less than 2 ft. under ground and 50 
ft. from any building. Some authorities recommend that 
two tanks be used, so that one may be available for use 
while the other is being cleaned or repaired. 

The highest level of oil in storage should be below the 
lowest point in the piping of the oil system to prevent 
flooding of the burners in case of accident. The tank should 
be vented to allow the vapor to pass off. Steam lines are 
often piped to the top of the tank that possible fires may be 
extinguished. All oil piping should be installed so as to 
drain back into the storage tank by gravity. Arrangements 
should be made to deliver oil at the burners at constant 
pressure. This can be effected by a standpipe. The con- 
nections for the delivering car or wagon should be at suffi- 
cient elevation to overcome the head of water to the de- 
sired height of oil in the tank. 


JOINTS IN PtpING MustT BE TIGHT 


Because of the penetrative nature of fuel oil all joints 
in the piping must be made tight. If possible, elbows should 
be avoided in oil piping, as foreign matter will collect at 
these points and eventually clog the pipe. It is best to use 
bends of long radius and arrange a steam connection so the 
pipes when drained may have steam sent through them to 
blow out the asphalt or tarry matter. 

As most burners atomize oil by forcing it through small 
orifices, an efficient strainer is needed in the feed line. The 
duplex thimble type is excellent, as one strainer can be 
removed and cleaned without affecting the pressure while 
the oil is passing through the other. 

As hot oil flows more easily, atomizes more readily and 
burns better than cold oil, it will be appreciated that an 
oil heater is necessary to furnish the oil to the burner at 
a temperature of from 125 to 140 deg. F.; that is, just 
under the flash point. Care should be taken not to heat the 
oil above the flash point, as excessive heat precipitates the 
carbon in the pipe lines and at the burner tip, and should 
even small leaks develop in the oil lines, explosions would 
be likely. 

Broken into small drops, oil presents a large surface. 
The smaller the drops the more perfect the spheres and 
the easier to burn. If oil is broken into drops 0.1 in. in diam- 
eter the ratio of the area to the volume is 60 to 1, but if 

broken into drops 0.01 in. in diameter the ratio of area to 
the volume of the original drop is 600 to 1. That is, a drop 
0.01 in. in diameter exposes ten times as much surface in 
proportion to its volume as a drop dots which is 0.1 in. in 
diameter. The spray entering the furnace should be almost 
too fine to be seen. The economy of a burner is measured by 
the amount of steam used to atomize a pound of oil. This 
will vary considerably with type of burner, kind of oil, 
temperature, etc. At one of the Standard Oil Co.’s plants 
recent tests showed a variation from 1.36 to 3.39 per cent 


*From a paper before the Buffalo Association (N. V. No. 16) 
of the National Association of Stationary Engineers. 
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of total steam used for atomization. It will often go higher, 
from 5 to 10 per cent. 

Burners are often located in the front of the furnace; 
sometimes the burner tip is housed in a recess in the bridge 
wall and the oil projected forward. The first pass should be 
directly over the furnace, that the heating surfaces may 
absorb the radiant energy of the incandescent firebrick. Oil 
burners may be grouped into three classes: (1) Mechaical 
spray, in which the oil, previously heated to about 130 deg. 
F. is forced through nozzles in such a way as to break up 
the oil into a fine spray, usually by giving it a spiral motion. 
2. Vapor burners or carburetors in which the oil is volatil- 
ized in a heated chamber and then admitted to the furnace. 
This burner is seldom used except for refined oils. 3. Spray 
burners are by far the most common. In these the oil is 
forced into the furnace by steam or compressed air. There 
are two types, “outside” and “inside” mixers, the name 
explaining where the atomization takes place. The weight 
of authorities seems to be in favor of the outside mixer. 


DESIGN OF FURNACE DEPENDS UPON TYPE OF BOILER 


The design of the furnace must in a measure depend on 
the type of boiler, and in oil burning the forms of furnaces 
are numerous. The basic idea should be to give the oil room 
to thoroughly atomize and mix with the oxygen without 
striking the heating surfaces, and to have the oil projected 
into the furnace in such a manner that the air supply will 
be available along the path of the flame as needed. If 
the air can be preheated, it will, of course, aid combustion. 

One consideration of the size of the combustion space is 
that incandescent walls of the furnace assist materially in 
the combustion of the oil. In burning oil furnace volume has 
the same relation to boiler steaming capacity as the grate 
area has in a coal-burning installation. The consideration 
should properly be of “effective furnace volume,” or that 
part of the furnace actually occupied by burning gases. 

With water-tube boilers the burners ordinarily discharge 
into one combustion chamber. Here eddies of gas and the 
interference one flame gives to another are not always 
indicated by the draft gage, but no doubt affect air admis- 
sion and control. For example, with a furnace with four 
burners properly installed as to space and air control, each 
having a furnace volume of 60 cu.ft., operating at 3-in. draft 
at the damper, a certain maximum boiler capacity can be 
reached when all four burners are used. This capacity 
cannot be increased 25 per cent by placing in service a fifth 
burner of the same size with a like air opening. On the 
other hand, if only three burners are installed instead of 
four, size of burner and air opening for each the same per 
burner, the capacity will be more than 75 per cent of the 
capacity attained with four burners. This is because each 
burner now has 80 cu.ft. of furnace volume instead of 60. 

The furnace volume should be sufficient to permit com- 
plete combustion and not give the gases too rapid a flow 
through the furnace, as this will result in the formation of 
CO instead of CO. with the resultant heat loss. 


How THE AMOUNT OF AIR AFFECTS EFFICIENCY 


A slight difference in the amount of air used may mean a 
great loss in heat units. It is comparatively easy to have 
a smokeless fire, but the efficiency will greatly increase if 
the proper amount of air is used. “In ordinary operation 
the complete absence of smoke is viewed with suspicion. 
Smoke may result from other causes than lack of air, for 
instance, imperfect atomization. Analysis of the escaping 
gases is the only sure way of obtaining information by 
which to adjust the furnace conditions to maximum efli- 
ciency,” said E. H. Peabody at the International Engineering 
Congress. “Taken by itself the gas analysis indicates better 
than any other one thing about a boiler plant what sort 
of economic results are being attained.” 

If insufficient air is given the flame CO is formed instead 
of CO. and about two-thirds of the heat units are wasted. 
Some firemen attempt to fire oil and gage the air supply by 
the eye. Some time ago in a Texas plant in which oil had 


been burned for several months where the operation depend- 
ing on the judgment of the firemen, a CO. recorder was 
connected to a furnace. 


The firemen were instructed to 
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-ontinue to fire to the best of their ability, adjusting the 
oil feed and damper as they thought best. The recorder 
was covered over so the record could not be seen. After a 
veriod of time the recorder was uncovered and indicated 
3 per cent CO, for the time. Then with the recorder un- 
-overed, by watching the record the same firemen were 
immediately able to make 14 per cent CO. The recorder 
was evidently saving about 12 per cent of their oil. 

Beginners often think that a white flame indicates eco- 
nomical combustion. It does not but indicates excess air. 
Che color of the flame in best combustion is usually yellow- 
ish white. The combustion of oil is accompanied by a roar- 
ing noise. It is noticeable that an increase of cold air adds 
to this noise, and that preheating the air renders combus- 
tion quieter. It is therefore believed that this decreased 
roaring is accompanied by increased efficiency. 

If wet steam is used, the moisture should be removed and. 
better still, superheated before it reaches the burners. 
Every drop of water that goes into the furnace will pass 
out as superheated steam and carry with it that much heat. 
In some installations the steam line to the burners passes 
through the combustion chamber and superheated steam is 
delivered in that way. If not convenient to superheat, it 
will be well to place a steam separator in the line to the 
burners so the steam used will be free from moisture. The 
idea that steam admitted to the furnace with the fuel in- 
creases the amount of heat generated is an error. The 
amount of heat resulting from the burning of the hydrogen 
in the steam is precisely equal to the amount of heat re- 
quired to set the hydrogen free in decomposing the steam. 

Automatic control is employed in some large plants and 
is accomplished in a manner somewhat similar to the 
familiar damper regulators. The steam pressure controls 
the rate of oil feed as it does the damper for draft. 


DAMPER SHOULD BE USED TO REGULATE AIR 


It is good practice to use the damper to regulate the 
supply of air. If ashpit doors are left wide open all the 
time a sufficient air supply is assured to take the place of 
the hot gases which escape up the chimney. By impeding 
the flow of hot gases with the damper, they are kept in 
contact with the heating surfaces for a longer time and 
the retarded gases are given plenty of time for complete 
combustion. 

When shutting down the oil should be cut off first; this 
stops combustion. The steam should be allowed to flow after 
the oil is cut off, then gradually cut off. This tends toward 
leaving a clean burner. 

The work of firing oil requires no physical exertion. 
Common sense, a certain knowledge and a watchful eye 
on the instruments are all that is required. A better class 
of men are attracted to the plant. The oil-burning more 
than coal-burning plant gives a fireman time to look to 
improvement in himself and his plant. This attracts in- 
telligent firemen and no doubt accounts for a great part 
of the efficiency in oil-burning installations. 

The back damper should always be left open enough to 
allow the gas to escape should a burner snuff out, other- 
wise a serious explosion might occur. Where oil is used, 
it is well to have one coal-fired boiler in which steam can 
be raised to at least 20 lb. to start the burners. It is well 
also that an auxiliary coal fired boiler be retained in case 
the oil supply fails for a time. 

When the change is made to oil with horizontal tubular 
boilers, firebrick may be laid on the grates and a floor of 
firebrick continued to the rear of the boiler with only a 
slivht rise at the point where the bridge wall was located. 
This makes the bottom part of what was formerly the com- 
bustion chamber combined with the space formerly the 
as pit, into a space through which air for combustion may 
be lrawn and preheated by the hot brick above. An open- 
ing is then made at the rear of the setting to admit the air, 
which flows through the grates to the flame. 

here is but little data on the cost of changing from coal 
to oil burning, not even on the cost of construction of the 
Storage tanks. In nearly all cases, however, the cost has 
been far in excess of the estimated cost. The question of 
change can only be determined in each plant by itself. The 
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load factor evidently has a bearing on this decision. A 
Philadelphia engineer of prominenee believes that plants 
that have a load factor of 60 down may change to oil ad- 
vantageously, but for those with a load factor above 60 
coal is more economical. 

The present cost of oil in central New York State is too 
high to make it look attractive. To be a satisfactory fuel, 
oil must be available not only in large quantities but 
must be continually available to prevent operation ending 
suddenly. 

ak 


Power-Station Design in Relation to 
Thermal Efficiency* 


The paper recites a few of the lines along which modern 
power-plant designers have worked in an effort to increase 
thermal efficiencies. The manufacturers of apparatus are 
responsible for progress in increasing the range of tem- 
perature in saving or reclaiming low-grade heat and an 
increased size of units. 

The upper temperature limit has been gradually raised to 
650 or 700 deg. F with a comparatively wide range of pres- 
sure obtained by varying the amount of superheat. In- 
crease of pressure with a constant maximum temperature, 
obtained by reducing the superheat, is advocated as giving 
a greater heat drop. This also results in greater steam 
density and therefore allows smaller piping and fittings. 
Pressures of 500 lb. with temperatures as high as 700 
deg. F. are predicted for the near future. The lower tem- 
perature is limited by considerations of the expense of 
maintaining high vacuums. ; 

Saving low-grade heat has been attempted in two ways: 
(1) By heating the condensate to higher temperatures, 
using steam tapped from the main turbine, and (2) by re- 
heating the steam after partial expansion until the initial 
superheat is restored. Assuming 10 per cent of the turbine 
steam withdrawn at suitable points, the condensate tem- 
perature might be raised by 100 deg. F. with a saving of 
about 1,000 B.t.u. per pound of tapped steam. With 23 
per cent of the steam tapped out, the condensate tempera- 
ture rise might be as much as 225 deg. F. The effect is a 
slight improve~ent in spite of the loss of efficiency in the 
low-pressure blades. 

The second method—reheating the steam—has_ been 
tried experimentally, but does not seem to promise much 
commercial success. 

The size of turbine discs is limited by transportation as 
well as mechanical difficulties. An examination of thermal 
and financial considerations indicates about 30,000 kw. as 
the maximum desirable capacity for a single unit with 
plants of 180,000 kw. load and 240,000 kw. installed capacity. 

As to methods of driving auxiliaries the use of an elec- 
tric drive with a separate turbo-driven generator exhaust- 
ing to a surface feed-water heater is thermally the most 
efficient, for in this case all the latent heat of the auxiliary 
turbine is saved. Other methods give reasonable results 
and are sometimes dictated by circumstances. 

The material of which turbine blades are made is an item 
in maintaining the efficiency of the machine against loss 
due to erosion and corrosion. For moderate steam veloci- 
ties and stresses standard 70/30 bronze is satisfactory, 
while 3 per cent nickel steel is successful at higher veloci- 
ties and stresses. 

In condenser air-pump calculations it is customary to 
credit steam-ejector pumps with all the heat in the dis- 
charged steam which may be returned to the boiler in the 
feed water. The author claims that the usual boiler losses 
are involved in the raising of any steam, and therefore all 
the heat is not reclaimed by condensing the steam from 
the jets. 

The paper concludes with a discussion of turbine effi- 
cienvies at various loads under guarantee tests and sug- 
gests that a Willans line be drawn for the over-all fuel 
consumption of the plant so that steam requirements may 
be predicted for various conditions. 


*Abstract of a paper by I. V. Robinson, read at the Incor- 


= ae Electrical Association Convention at Bradford, 
england. 
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General Precautions in 
Gas-Piping Work 

The National Fire Protection Association Committee on 
Gases has reported a gas-piping code which was adopted 
at the recent meeting of the association and presumably 
will form the basis of the National Board of Fire Under- 
writers’ requirements for gas piping of buildings hereafter 
Those who desire full information at an early date can 
best secure copies of the code from the 1919 and 1920 re- 
ports of the National Fire Protection Association, 87 Milk 
St., Boston. 

The general precautions that should be observed in such 
work are well summarized in rule 3 of this code, which is 
as foi'ows: 

3. GENERAL PRECAUTIONS. 

a. Work with Gas Off—Gas-fitting, appliance iastallation 
and repair work shall be done with the gas tv.rned off so 
that the danger from leakage during the work will be a 
minimum, except as provided in paragraph b. 

b. Working on Pipes Filled with Gas—Work which in- 
volves removal of an appliance or unscrewing of a cap, 
plug or pipe which will open an outlet and permit the escape 
of gas should never be done without shutting the gas off, 
except in emergency cases where interruption of the service 
is impracticable, and unless the work can be done without 
danger to life and property with the gas on. 

It is suggested that when working on pipes filled with 
gas, outlets larger than j-in. size and pressures in excess 
of 10 in. of water be not handled except by a specialist. 
In any event the following precautions shall be observed: 

1. Determine the location of the meter cock or iine cock 
by wnaich the gas supply to the proposed opening is con- 
trolled and see that it is in working order. 

2 Make sure that no fire or flame or spark-emitting 
device of any kind is near enough to set fire to the gas 
which may escape. 

3. Determine that even the slight escape of gas expected 
will not be injurious to persons, especially invalids or small 
children. 

4. Examine the threads to be used, to make sure the 
opening can be quickly and tightly closed. 

5. Have at hand a plug of rubber or other suitable ma- 
terial to fit snugly into the opening. 

6. Make sure that no lighted burners or pilot lights sup- 
plied from the line to be opened are turned so low that 
they may go out or flash back because of the sudden drop 
in pressure in the pipe when it is opened. 

After the work has been completed, all appliances shal! 
be examined and any pilot lights and burners which may 
have been extinguished relighted or turned off. ; 

c. One Man Shall Not Work Alone—In any one of the 
following conditions there shall be more than one man pres- 
ent, one of whom should be in such location that he is not 
exposed to any possible asphyxiating influence from the 
escaping gas: 

1. When necessary to make installations, repairs, or do 
other work on piping filled with live gas. 

2. When work is done in a gassy atmosphere. 

3. When work is done in any confined space where gas 
may accumulate or in any space not readily accessible; for 
example, where the gasfitter must lie down or assume a 
cramped position. 

d. Use of Matches, Candles and Flames—No matches, 
candles or flames or other sources of ignition shall be used 
by a gasfitter or his helper when working on meters, piping 
or appliances filled with gas, except for such work as neces- 
sarily involves the use of such flames. A flame shall never 
be used in searching for leaks. In no case should a flame 
be allowed to touch a meter, meter connection or other pip- 
ing. When an open-flame light, as a match or candle, is 
used in a basement, it should, when practicable, be carried 
or set not more than three feet above the floor level. 

e. Smoking—A gasfitter shall not smoke while working 
on piping which is filled with gas or has been filled with 
gas, nor permit others to smoke while near such work. 

f. Safety Lights to Be Provided—Every gasfitter shall 
be provided with an approved electric flash lamp or safety 

amp which is adequately protected to prevent explosion or 
dre if used in a gassy atmosphere. No other type of lamp 
shall be used in such atmosphere when searching for a leak 
or when working on piping filled with live gas. 

g. Handling Combustible Liquids—Alcohol, gasoline and 
other combustible liquids, including the liquid which is 
removed from meters or from drips in gas piping, shall be 
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handled with proper precautions and shall not be left by the 
gasfitter on the premises of the customer. The ordinary 
fitter’s torch or furnace shall not be left within the premises 
from the end of one working day to the beginning of the 
next unless the torch oz furnace is of an approved type or 
is placed in a fire-resistive receptacle. 


Shunt- or Compound-Wound Exciters* 
By J. T. BARRON AND A. E. BAUHAN 


Wherever it is necessary that exciters be operated in 
parallel, it is recommended that shunt-wound exciters -be 
used, especially if they are to be controlled by voltage 
regulators. The instances of compound-wound exciters 
causing trouble are so many that in spite of all the explana- 
tions of causes that are given, it is difficult to convince an 
operating man that has been through any of these experi- 
ences that compound-wound machines should ever be used 
where the exciters are operated in parallel. 

If the saturation curves and voltage characteristics of 
the exciters being operated in parallel are identical and if 
the equalizer conditions are perfect, there is no difficulty. 
However, regardless of the care which may be taken in 
obtaining these conditions when the exciters are installed, 
there are disturbing influences which may occur later to 
interfere with the perfect conditions. For instance, equal- 
izer switches may develop high contact resistance. Equal- 
izer connections may be taken down and carelessly recon- 
nected. Saturation curves of exciters may be changed by 
putting shims under field poles or by taking them out on 
account of some commutation trouble, the effect on parallel 
operation being forgotten. The speed of an exciter may 
be changed from tnat at which it was intended to be oper- 
ated. This may be due to carelessness of attendants in not 
having machines operating at correct speed, or it may be 
due to some troable in the turbine such as ice, or may 
occur from power-system troubles in the case of motor- 
driven or direct-connected exciters. All these conditions 
tend to change the shape of the saturation curves, and if 
operating under the influence of a voltage regulator, reversal 
is likely to be caused. The compound-wound exciter is also 
subject to reversal due to internal short-circuits. Loss of 
exciter shunt field may also cause reversal of compound- 
wound exciters. If the driving power of a compound exciter 

is lost, the tendency will be for the exciter to speed up and 
draw a heavy current, and it may even run away if not pre- 
vented from doing so by a reverse-current relay or over- 
speed trip. 

It is therefore recommended that only shunt-wound ma- 
chines be used where exciters are to be operated in parallel 
and that wherever compound-wound exciters are at present 
so used, especially in connection with voltage regulators, 
steps be taken to remove the series windings if the char- 
acteristics of the machines permit. The series windings 
should be cut out of the circuit but not short-circuited. A 
short-circuited series winding causes sluggish regulator 
action. Where exciters are to be used individually with 
voltage regulators, there is no objection to the series wind- 
ing. It is then an advantage from the standpoint of voltage 

regulation. 

Shunt-wound exciters also are subject to reversal from 
induced voltages in generator fields, regardless of whether 
they are operated in parallel or not. The induced voltage 
may be caused by a short-circuit on the generator or by 
sudden reduction of its field current. These two causes 
may work simultaneously in direct-connected exciters. 
Sudden reduction of field current may be caused by sudden 
reduction of exciter speed, by rapidly cutting in a generator 
field rheostat with too large steps, or by rapid reduction of 
exciter field current when operating on the steep part of 
the exciter saturation curve. If the resultant induced volt- 
age in the generator field exceeds the exciter voltage, re- 
versal will occur. The greater the resistance in the field 
circuit the less is the likelihood of reversal. 


*Abstract from a paper, “Considerations Which Determine the 
Selection and General Design of Excitor Systems,” presented «st 
the 36th Annual Convention of the American Institute of Elec- 
trical Engineers, held at White Sulphur Springs, W. Va., Jum 
29—July 2, 1920. 
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Connecting-Rod Bolts 


The Diesel Engine User’s Association of England has 
devoted much time to the discussion of connecting-rod bolts. 
The subject is of vital importance, since a number of engine 
failures have been recorded as due to the fracture of the big 
end bolts. The subject resolves itself into three heads— 
material, working stresses and design. 

In regard to the material, without question a tough sub- 
stance is highly desirable. Some builders have a preference 
for wrought iron, claiming that it has less dangerous crys- 
talline tendencies. The majority of manufacturers and 
users favor some form of steel bolts, either of ordinary 
carbon steel or of a high-tensile alloy steel. Considerable 
variation in opinion as to the advisability of heat treating 
the bolts was expressed. Apparently, the majority felt that, 
if heat treatment was adopted, the steel should be treated 
while in the bar rather than after being machined. It was 
suggested at one of the meetings that bolts in service should 
be heat-treated at stated intervals. Several members 
claimed that heat treatment lowered the elastic limit of 
the steel and did not increase the life of the bolt. Examples 
were cited on bolts that had been in service for 25,000 hours 
without heat treatment. 

It was brought out that the big end bolts are subjected 
to tensile stresses every second revolution, due to the in- 
ertia of the piston during the exhaust and suction stroke. 
These stresses are augmented if: the piston is a very close 
fit or if piston seizure occurrs. This must be taken into 
account when designing the bolt. 

The May meeting of the association was devoted to a 
further discussion of the subject. The statement was 
offered that the bearing clearance played an important 
part in the determination of the actual stresses in the bolts, 
since an impact occurred between the crankpin and the 
bearing at each reversal of the stress. Furthermore, the 
torsional vibration of the crankshaft when the engine 
passed through the critical speed point, in those cases where 
the critical speed was below the normal speed, had some 
effect on the boit stress. One member suggested that some- 
thing should be allowed in consideration of the initial stress 
due to tightening the nut, over and above the stresses ar- 
riving from the inertia forces. He thought it necessary to 
provide a comfortable margin in the design to insure safe 
operating condition. It was also stated that the working 
temperature might affect the tightness of the nut, greatly 
increasing the impact stress by loosening the bearing. 
Attention was called to some notes on “Gas and Oil Engine 
Accidents,” issued by one of the insurance companies, from 
which it appeared that 25 per cent of the total engine 
failures resulted from fracture of the connecting-rod bolts. 
(Power, May 25, 1920.) 

Mr. Charles Day, in a communication to the association, 
wrote that the rod bolts usually adopted are quite suitable 
for the normal stresses arising from the inertia of the 
piston, etc. In his opinion breakage was due, almost in- 
variably, to abnormal conditions such as excess’ ve piston 
friction, improper tightening of the nuts, and slack bear- 
ings. As to improper tightening, bolts were often injured 
by being sledged up excessively hard, thus unduly stretching 
the bolts and at times twisting them. Many bolts are in- 

jured by the workmen sledging the nuts in order to bring 
the cotter hole in the boit in line with the castellation on 
the nut. To remedy this, he suggested increasing the num- 
ber of castellations and placing two holes in the bolt instead 
of one. 

Considering the effect of excessive friction, he continued, 
this may vary from a slight excess to a severe seizure. 
In the latter event the bolts will probably be badly stretched 
or broken. When, however, the stress has not been sufficient 
to show a decided stretch in the bolt, the question arises 
as to whether the bolts have been injured. To detect a slight 
elongation he recommended that a definite length be marked 
on the bolt. when installed; the length should be measured 
from the bottom of the bolt head to a pomt on. the thread. 
vo facilitate locating the point a flattened surface could be 
filed on a thread and a small center punch used. A stretch 
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of 2 per cent should be considered as justifying renewal 
of the bolt. 

For some years, Mr. Day stated, hi:, firm had been experi- 
menting with various steels. It 1as now adopted the follow- 
ing specifications for the material for the rod bolts: Carbon. 
0.30 to 0.40; silicon, 0.30 maximum; manganese, 9.50 to 
0.80; nickel, 2.75 to 3.25; sulphur and phosphorus, as low 
as possible. The material to be oil hardened and tempered 
to give the following values: Tensile strength, not less than 
100,000 Ib.; field point, 56 per cent; elongation, 20 per cent; 
reduction of area, 45 per cent; impact value. 40 ft.-lb. 


Duquesne Light Compeny to Insizll 
60,000-Kw. Unit 


So great has been the demand for electric energy by 
various industries of the Pittsburgh district that the Du- 
quesne Light Co. has been compelled to arrange for the 
doubling of the proposed initial installation of 60,000 kw. 
at its new Colfax power plant. The second 60,000-kw. tur- 
bine-generator with 100,000 sq.ft. surface condensers di- 
vided in four shells, which has just been ordered from the 
Westinghouse Electric and Manufacturing Co., will’ be a 
duplicate of the first machine. It will be designed to oper- 
ate at maximum efficiency when ‘subjected to a load of 
50,000 kw. and to take care of a maximum load of 70,000 
kw. for short periods. 

Steam will be supplied to the turbine at 275-Ib. pressure, 
175 deg F. superheat and 29-in. vacuum. 

In addition to the equipment mentioned, a 2,000-kw. a.-c. 
house turbine has been ordered to furnish energy for the 
plant auxiliaries. 


The official inquiry into the explosion of a boiler blow- 
down pipe at Birtley, Durham, indicates an unusual cause 
of failure. The blowdown pipe parted from the valve, and 
the resultant discharge of boiling water killed the attendant. 
On examination of the pipe it was found that the part 
screwed into the flange was eroded almost entirely away at 
the upper quarter of its circumference. This was evidently 
caused by the scouring action of the sediment from the mud 
drum, which had continued to erode the inside of the pipe 
until it reached the bottom of the threads. On the same 
boiler a similar pipe, which is used for blowing from the 
other end of the same mud drum, was found to be in an 
almost exactly similar condition. Both pipes had two deep 
scores about 90 deg. apart on the inner circumference. 
These scores or grooves were about |} in. wide, and extended 
about 14 in. into the pipes, tapering away to nothing. The 
metal between the scores was wasted to a smaller extent. 
In another valve, by the same makers, it was found that in 
the outlet passage there were four projections at angles of 
90 deg. to one another. The lower ones evidently had the 
effect of causing the sediment to flow in two streams in an 
upward direction of about 30 deg. to the horizontal, thus 
impinging on the edge of the pipe where screwed into the 
flange.—The Engineer. 


The latest figures on the world’s oil supply given out by 
the United States Geological Survey show that foreign 
countries are using only half as much petroleum as the 
United States, but have seven times as much oil in the 
ground. These foreign countries have an oil supply suffi- 
cient to last for 250 years at the present rate of consump- 
tion while in the United States at the present rate of con- 
sumption there is only an eighteen-year supply. 


Hydro-electric power developments in India are advanc- 
ing with great strides, according to the July 13 issue of 
Commerce Reports. Construction of power plants has 
centered particularly in Mysore state. The whole valley 
of the Cauvery has been surveyed with a view to increas- 
ing the existing power output. The gold fields in this 
state require much more power to carry on operations and 
produce a maximum amount of gold. 











That New York City’s yearly coal bill is running at 
least $10,000,000 in excess of what it ought to be was one 
of the facts brought out at the hearing of the Senate Com- 
mittee on Reconstruction and Production, at its offices, 29 
West 39th St., New York City. The witnesses were rep- 
resentatives of the public utilities and the Public Service 
Commission of New York City, and a representative of 
the public utilities and coal consumers of northern New 
York State. 

The figures relating to the city’s coal bill were brought 
out in the testimony given by John W. Lieb, vice-president 
of the New York Edison Co. The public utilities of New 
York, Mr. Lieb said, consume roughly 5,000,000 tons of 
coal annually. This includes both bituminous and anthra- 
cite, but the latter is only an insignificant portion of the 
total. At a conservative estimate, owing to the necessity 
of purchasing spot coal where and how it can be obtained, 
the coal bill of the public utilities is running at a rate of 
from seven to eight million dollars in excess of its normal 
amount. Adding two to three million dollars increase in 
the price of coal to citizens for heating purposes makes 
the total of more than $10,000,000 increase. 

Answering a question by Senator William M. Calder, 
chairman of the committee, Mr. Lieb said that normally 
the Edison company had in storage between 150,000 and 
200,000 tons of coal. At the beginning of last winter the 
quantity was less, 120,000 to 125,000 tons, and that reserve 
was finally exhausted a month or two ago. 

Senator Calder was interested particularly in the ques- 
tion of spot coal. Mr. Lieb testified that under contracts 
already made his company was receiving only 52 per cent 
of the coal contracted for. For any additional supply it 
was dependent on spot coal. The ordinary contract price 
for coal at the mine, Mr. Lieb said, was $4.25 to $4.75, 
whereas for spot coal his company had been paying up to 
June 26 from $7.50 to $10.25. Since that date, he said, 
some coal had been bought as high as $12 at the mine. 

Questioned as to the effect of the recent Order No. 10, 
of the Interstate Commerce Commission, giving prefer- 
ential assignment of cars to the Northwest, on the situation 
of public utilities, Mr. Lieb said that he viewed the new 
order with a good deal of concern. “If this order,” he said, 
“gives pricrity over the public-utilities order, we shall soon 
be in difficulties again, and the public utilities of New York 
City will have to shut down.” 

Commissioner Alfred M. Barrett, Deputy and Acting 
Public Service Commissioner for the First District, declared 
that if an improvement did not scon take place in the situ- 
ation “something will happen, and New York City will 
close down. We are not getting coal in summer,” he said, 
“and winter will come and the householders will demand 
coal. If the railroads cannot carry enough soft coal now, 
what will they do when part of their cars are carrying 
hard coal?” Twenty-five thousand tons of coal a day he 
estimated to be the requirement of New York City for its 
public utilities, and in the first week of July, he said, these 
utilities had on hand a total supply of not more than 137,- 
000 tons, or enough to last one week. The situation has 
improved slightly since then, he said, and last Thursday 
there was a ten-day supply on hand. 

Robert W. Bush, of the Brooklyn Union Gas Co., gave 
evidence revealing a similar critical situation in his com- 
pany as that revealed for the Edison company. 

Order No. 10 of the Interstate Commerce Commission, 
granting prior rights in the use of coal cars to the North- 
west, was bitterly assailed by John M. Carlisle, of Water- 
town, N. Y., representing the paper mills, public utilities 
and coal consumers of northern New York State. Mr. 
Carlisle’s evidence revealed an exceedingly critical situa- 
tion up state. “If 4,000 carloads a day are to be shipped 
to the Northwest territories,” he said, “it means that a 
practical embargo is declared against other sections of 
the country. Iwenty-five thousand to thirty thousand tons 
of bituminous coal must be stored up at Watertown dur- 
ing the summer months for winter use. Climatic conditions 

in the winter make the shipment of coal impossible. For 
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that reason we have got special tariff provisions permitting 
the bringing and storage of coal during the summer. To- 
day there is not a ton of coal in storage in Watertown, 
whereas last year at this time we had 30,000 tons.” 


THE COAL TRANSPORTATION PROBLEM 


That the Interstate Commerce Commission was not im- 
pressed by the arguments advanced by those asking the 
modification of its order giving coal mines prior use of 
open-top cars was proved conclusively when the commis- 
sion extended its order for an additional thirty days and 
issued Service Order No. 10, which will force coal from 
Pennsylvania, Ohio, West Virginia and Kentucky up the 
Lakes. The main effort on the part of those opvosing the 
order was intended to impress the commission with the im- 
portance of their respective activities. In this they failed, 
in large measure because the commission took the stand 
that an adequate supply of fuel took precedence over any 
such activity as building or road construction. 

The really telling point made by the opposition was that 
thousands of open-top cars are in the service of non- 
essential industries in the transportation of their coal. The 
contention is that cars should be available to prevent 
millions of dollars’ worth of highways from being destroyed 
when the cars needed for this purpose are busy carrying 
coal reserves to the candy factories. Another example 
is the plea of the constructional industries, who point to 
the unrest being engendered by inadequate housing. It 
looks unfair to them to see trainload after trainload of 
cars engaged in coal transport to automobile factories, 
while they are able to secure only 2 per cent of the cars 
needed in connection with the building of homes. 

it is believed that the coal operators and the railroads 
will be able to work out plans which will insure New Eng- 
land, the Northwest and Canada an adequate coal supply 
for the winter. The award by the Railroad Labor Board is 
having the effect of facilitating greatly the movement of 
cars, and it is believed that the worst of the situation is 
past. Owing to the prospects of improvement it is be- 
lieved that the immediate appointment of a fuel adminis- 
trator has been averted. 

A second effort has been made to relieve the coal shortage 
in New England. Service order No. 11, issued July 27, 
repeals service order No. 6, issued June 19. The order 
was drafted by the operators and the representatives of 
the carriers. It is entirely satisfactory to representatives 
of New England, and the operators believe that it will 
relieve the situation entirely. Those most likely to be hurt 
by the order are consumers other than New England who 
depend upon the smokeless field for their fuel supply. 
These consumers, however, have been assured by the rail- 
roads that there will be no curtailment of their coal supply, 
as arrangements have been made to give mines shipping 
to New England all the cars that they can load. This will 
mean that there will be enough to meet the New England 
allotment and allow a remainder sufficient to supply other 
consumers. 

One of the important features of the order is the plac- 
ing of the three tidewater agencies at Hampton Roads 
under the direction of a single agent of the Interstate Com- 
merce Commission. Under order No. 6, there were sepa- 
rate agents at Newport News, Lambert’s Point and Sewell’s 
Point. 

To meet the requirements of the New England States, 
1,250,000 tons of bituminous coal must be transported by 
rail and water each month. At the present rate of trans- 
portation New England is short about 350,000 a month. 

It was ordered that bituminous coal in carloads con- 
signed under this order should not be subject to reconsig»- 
ment except upon a permit issued by the agents of the 
commission. A permit will be issued only on a showing 
that the coal to be reconsigned will go to a pool or poo's 
at one of the ports for New England. 

Shippers having credit at any of the tidewater ports, 
that have been obtained by the shipment of coal into the 
pool of coal consigned under this order, will not be per- 
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mitted to draw against this credit and ship from the pool 
to any destination excepting those in New England. 


COMMITTEE TO FIX PROFIT 


A committee to fix a fair margin of profit on coal has 
been appointed by Attorney General A. Mitchell Palmer. 
The committee is composed of Vance McCormick and Will- 
iam Potter, representing the public; J. W. Lieb, vice presi- 
dent of the New York Edison Co., representing the utility 
companies; G. N. Snyder, of the New York Central, rep- 
resenting the railroads, and Willis G. Townes, Charles A. 
Owen, Harlow Voorhees and Charles L. Couch, representing 
the wholesale coal dealers. 

The New York World in an editorial says: 

“When, as alleged, concerns that had contracted ahead 
for coal at normal prices of $4 to $4.50 can get no coal, 
while offered plenty at $11, and coal for export sells up 
to $23, consumers have the best reason in the world to call 
on the Government for protection. This is brigandage plain 
and simple, and the quickest way to suppress it is to restict 
exports until the home market is restored to a stable basis. 
[f some of the worthy persons engaged in rigging prices 
should find their way to jail, it would cause no mourning.” 


COAL PRICES OF THE COUNTRY 


Embargoes in New England have resulted in a mild 
recession in prices. For two or three days sales were 
made at $10.50 per net ton f.o.b. mines on mediocre 
grades, but on July 24 sales were again made on the basis 
of $13.75 at mines. On cars at Boston quotations of 
$17.50 to $20 are made on low volatiles. 

Philadelphia—A moderate volume of soft coal was be- 
gining to enter Philadelphia when the Pennsylvania R.R. 
declared an embargo. Public utilities are unaffected by the 
embargo. The price for stock remains high with $15 as 
the top. The bulk of sales are made nearer $13.50 for 
the better Pennsylvania coal. The utility plants are work- 
ing under the new plan of filling out forms by which they 
obtain assignment of a certain number of empty cars to 
the mines of the companies with whom they have contracts. 

Baltimore—The price situation is out of control with 
sales made right along at from $11 to $13 per net ton 
f.o.b. mines, almost irrespective of grade. Prices at piers 
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have been as high as $17 and $18 per gross ton. The 
extraordinary demand, both export and domestic, continues 
unabated. Of the 70 ships in the harbor for coal a week 
ago and for several weeks past, 30 of them have already 
been to other ports. 

BITUMINOUS 

Buffalo—The price of $10.50 at the mine is considered 
rather low, but is accepted for the Buffalo bituminous 
trade. It seems to be the general belief that a decline is 
due before very long because of the fact that production 
is now a little in excess of consumption and cars are 
more plentiful. 

Detroit—With the summer more than half gone prac- 
tically no reserves have been created for industrial plants, 
public utilities, or retail yards; in fact, consumers in all 
lines are becoming apprehensive of a bituminous coal 
shortage in Michigan next winter. Under the direction of 
the Michigan Public Utilities Commission a conference was 
held in Lansing on July 21 to discuss the situation and plan 
relief. It was decided that a state coal commission of 
five or more members to be named by the governor should 
be appointed. The miners’ strike in Illinois threatens to 
diminish still further the meager supply of coal. 

Cincinnati—There is no shortage of soft coal in Cincin- 
nati, but there is a distinct scarcity of smokeless and 
anthracite. The scarcity of coal cars does not affect this 
city because of river transportation. It is possible to 
obtain coal at $8.50 per ton as against $4 for the same coal 
in Toledo. 

Chicago—The coal strike in southern Illinois has, of 
course, occasioned considerable worry in Chicago. Manu- 
facturers who thought they were covered now find them- 
selves face to face with shut-down conditions. Mines in 
Indiana have not been affected as yet and are, of course, 
swamped with inquiries. Naturally the market is 
advancing. 

Louisville—Production in Kentucky has increased as a 
result of a better car supply. However, demand is keeping 
pace with production and prices remain about the same as 
during the last few weeks as follows: Eastern Kentucky 
gas mine run $9 to $9.50, non-gas $8.50 to $9, western Ken- 
tucky lump $5 to $5.50 average, mine run $4.50 to $4.75, 
screening $4.50 to $4.75. Some west Kentucky lump is 
selling as high as $6.75. 








$350,000. Morris & 
Scranton, Archts. 


New Construction 





peneenenennnny 





PROPOSED WORK of a 2 story school. 


Pa., MeKeesport—The Bd. Educ. will re- ae ‘ A 
ceive bids until August 9 for the installation filtration plant for the local 


MacHale, Burr Bldg., on West 25th St. 


About $100,000. Noted 
July 27. 


0., Eaton—The city plans to build a new 


f ion J waterworks 
Separate bids for in- including pumps, sand filters, ete., at $27,- 


‘ : ‘ 3 500 
: = iP : . sti > a hes g system will be received. °””: 
Conn., New Haven—Yale University will talling a heating syst 


990° 
soon award the contract for a 4 story About $325,000. 
dormitory including a hot water heating 
sysiem on the campus. About $400,000. The 
W. A. Delano, 126 East 38th St., New York 
City, Archt. 


struct a 2 story electrical plant. Two 300 About $1,000,000. 
kw. rotary convertors with transformers, 
etc., will be installed in same. About $50,- 


St.. New Haven, Engrs. 


Conn., West Hartford— The Bd. Educ. 
Will receive bids until September 1 for a 
2 story, 200 x 204 ft. high school including 
a steam heating system on South Main St. dg *hiladelphia 
About $500,000, W. T. Marchant, 36 Peari Blas. Philadelphia, 
St.. Hartford, Archt. 


Hudson Co. will soon receive bids for the 


Pa., Seranton—Fred Nelson, Archt., Cor- 
; a nell Bldg., is preparing plans for a 3 story, ing a steam heating system. 
H00. Westcott & Mapes, Inc., 207 Orange 59 x 100 ft. factory including a steam heat- 000. 
ing system, electric 
$100,000. Owner's name withheld. 


Pa., Sunbury—The Sunbury Trust & Safe Comrs. had 
Deposit, c/o Verus T 


pared for a 6 story, 60 x 120 ft. bank and 
office building including a steam heating 
N. J., Secaueus—The Blvd. Comrs. of System. About $500,000. 


0., Lakewood (Cleveland P. O.)—The city 


has retained E. A. Fischer, Engr., City Hall 

Pa., Port Blanchard (Pittston P. O.)— to make a survey and submit estimates for 

Pennsylvania Coal Co., River Rd., is the construction of a pumping station and 
having plans prepared for a 100 x 400 ft. 

coal breaker including a steam heating sys- 0. W T W 

; . é ‘ eciaieattes re > Mai 2d. g arren—The arren 

Conn,, Norwalk—The city plans to con- tem and electric power on the Main Rd : 


water system. 


Hotel Co., c/o 
F. fk. Robbinson, Guardian Bldg., Cleveland, 
is having plans prepared for the construc- 
tion of an 8 story, 80 x 180 ft. hotel includ- 
About $1,000,- 
Moulthrop & Nichols, 5716 Buclid 
Ave., Cleveland, Archts. 


Ind., Crown Point—The Bd. of County 

plans prepared for a 2 story, 
100 x 200 ft. hospital including two boilers, 
ete., here. About $400,000. J. N. Coleman, 
6257 St. Lawrence St., Chicago, Archt. 


motors, etc. About 


Ritter, Archt., Amer. 
is having plans pre- 


Ind., Indianapolis—The Indianapolis Ath- 
letic Club plans to build an 11 story club 


nstallati f : tor power electric plant Pa., Wilkes-Barre—The School Bd. is in building including a_steam heating system 
ee th tags Ms 4 ace i. : 4) - "$30,000 the market for two steam boilers about 20 on Meridian and St. Clair Sts. About 
in their power house here. About $30, - hp. each. $2,000,000. Henry F. Campbell, Pres. 

Pa., Bethlehem—The Chamber of Com- Ky., Blackey — The Kentucky & West Ind., Richmond—The Bad. of Pub. Wks. 
nerce is having plans prepared for a 10 


t 

Story, 116 x 120 ft. hotel including a steam 
heating system. About $500,000. Verus T. 
hitter, North Amer. Bldg., Archt. 


‘a., Derry—The Pittsburgh High Voltage 


Virginia Power Co. of Whitesburg plans to will receive bids for a 500 kw. 
extend its transmission lines from here into other equipment for the lighting plant here. 
the Elkhorn coal fields to Pikeville, where 

a large substation will be built. 


0., Cleveland—Jacob Babin, 827 Superior tract for 


turbine and 


Mich., Detroit—The Bd. of Fire Comrs 
West Larned St., will soon award the con 


) 0 a 2 story, 50 x 80 ft. fire engi 
Insulator Co. has purchased a site adjoin- Ave., has purchased a site at 3602 Euclid house including a seam heating boiler, etc.. 
i its present property and plans to con- Ave. and plans to build a 4 story, 5? x 200 on Davison Ave. and_Goddard St. About 


ct a power house, machine shop, ete., ft. mercantile building including a steam $100,000. 
heating system. About $250,000. 


0 same. 


’a., Elmhurst—The Greek Catholic Soc- 
ie'y of America is having plans prepared C. 





0., Cleveland—The Water Ice Co., c/o A. 


Charles Knotting, 2306 Dime 
Bank Bldg., Archt. 


Mich., Detroit—The Bd. Educ., 50 P way, 


Bishop & Co., Archts. and Engrs., 427 will receive bids until August 11 for a 2 
for a 3 story, 110 x 200 ft. orphanage in- Guardian Bldg.. will soon award the con- story, 46 x 117 ft. school on Coplin— Ave., 
cliding a vapor heating system. About tract for a 1 story, 45 x 142 ft. ice plant $200,000; 2 story, 164 x 206 ft. addition to 








200 








the Jane Cooper School on the South Side 
or Georgia Ave. between Helen and Con- 
cord Aves., $330,000; 2 story, 50 x 125 ft. 
nuddition to the Nellie Leland School on the 
corner of Russell and Catharine Sts., $200,- 
000; 2 story, 58 x 211 ft. addition to the 
Custer School Building on Linwood Blvd. 
and Midland Ave., $300,000, and a 2 story, 
14 x 120 ft. addition to the Crossman School 
on Hamilton Blvd. and Taylor Ave., $170,- 
H00. A plenum steam heating system will 
be installed in each. 

Mich., Detroit— The Pd. FEdue. received 
bids for the installation of a heating, venti- 
lating and plumbing system in the proposed 
2 story, 195 x 200 ft. Pattengill School on 
Northfield and Spokane Aves., from Irvine 
& Meier, 2289 Woodward Ave., $94,272; in 
the proposed 2 story, 77 x 159 ft. George 
School on Russell and Superior Sts., the 
proposed 2 story White School on Charles 
Ave., and the proposed 2 story Davison 
School on Roman and Joseph Campau 
Aves., from James W. Partlan, 51 Park 
Pl, $56,995; $92,850; O’Conor Bros., Vin- 
ton Bldg., $60,446; $99,998 ; $85,741. Noted 
July 20. 

Mich., Detroit — The Michigan Creamery 
(o., ¢/0 Samuel Raboniwitch, Ford Bldg., 
is having preliminary plans prepared for a 
7 story creamery plant along the Grand 
River here. Vlans include a steam power 
plant, refrigeration system and power oper- 
ated equipment. T. A. Hyland, 307 Moffat 
Dldg., Archt. 

Mich., Kalamazoo—The Id. Educ. is hav- 
ing plans prepared for a 2 story, 159 x 362 
ft. school including a steam heating sys- 
tem on North Burdick St. R. A. LeRoy, 122 
Pratt Block, Archt. 

Mich., Traverse City—The City Lighting 
Dept. plans to build a steam electric power 
plant. About $75,000. 

Ill., Chieago—The Rogers Vark Hotel & 
bldg. Corp., e/o B. Leo Steif & Co., Archt., 
30 North La Salle St., is having plans pre- 
pared for a 9 story, 140 x 150 ft. apart- 
ment hotel on Sheridan Rad. and Pratt Blvd. 
Plans include a refrigeration plant, steam 
heating system, ete. About $1,500,000. 

Il... Chicago—The Standard Electric Mfe. 
Co., 216 North Clinton St., has purchased 
a site on Wrightwood Ave. and plans to 
build a 2 story, 125 x 150 ft. faetory in- 
eluding a steam heating system on same 
About $250,000. 

lil, Monticello—J. C. Liewellyn, Archt.. 
38 South Dearborn St., will soon award 
the contract for a 2 story, 112 x 172 ft. 
school including a steam heating system 
and ventilation plant for the city About 
$225,000. 

Wis... Milwaukee — The Park Hd., City 
Hall, will soon award the contract for fur- 
nishing new boilers in the Mitchell Park 
Conservatory. About $4,500. 

Minn., Minneapolis— The State Bad. of 
Control, Capitol St. Paul, reeeived bids 
for installing a heating system in the pro- 
posed 3 story addition to the Chemistry 
Building on the State University campus 
here from the Hamline Plumbing & Heat- 
ing Co., 683 Snelling Ave., North, St. Paul, 
$87,849: Archambo Heating & Plumbing 
Co., 315 Dth Ave., South, $88.919; Belden 
Porter Gray & Co., 914 Mary Place, $88,996. 

Minn., Red Wing—The Lutheran Ladies’ 
Seminary plans to build a 5 story, 120 x 
250 ft. seminary including a steam heating 
system. About $400,000. A. C. Gauger, 502 
Central Bank Bldg., St. Paul, Minn., Archt. 

N. D.. Grand Forks — The Industrial 
Comn. of North Dakota will soon award 
the contract for the installation of 17 mo- 
tors of varius sizes in the new terminal mill 
and elevator here. C. L. Pillsbury Co., 805 
Metropolitan Life Bldg., Minneapolis, Minn., 
loner. 

Okla... Kriek—The city plans to build a 
sewer system and enlarge the light and 
power plant. About $120,000, a 
Richardson, Mer. 

N. M., Fort Stanton — J \. Wetmore, 
Supervising Archt., Treasury Dept., Wash., 
D. C.. will receive bids until \ugust 16 for 
remodeling boiler here. 

Idaho, Worley—The Bad. of Trustees of 
the village will receive bids until August 7 
for an electric power line from here to 
Plummer, a distance of 7 miles. J. P. 
Mathews, Village Clk. 








Nyberg & Gallwin 
award the contract for 
a cold storage plant. About $75,000. 
Portland — Joseph 

i application with 


its tributaries. 


plant in Clackamas County. 
Que., Montreal—The United Hotel Co. had 
About $8,000,- 


Kingston—Queens University 

os , students’ union build- 
n heating system on the 
About $350,000. 
Kitchener — The 
receive bids until 
» and steam heating plant for the 


Ont., London—The , plans to construct 


market for an elec- 


Savings Dldg., is in the 
i waterworks pumping 


ment to supply 


Massachusetts has awarded the 

i i bag system i 
various rooms at the ildi 
Batterymarch 


— School to J. J. 


4 story theatre, 


to the George 


Framingham—The Record Realty 


. has awarded the 
Wards Island—L. } 


» jnstallation of electric 


5; for the installa- 
sy stem to John R. 


hi is towards the contr: act “for a 
Samuel M: ae aL 


, Baltimore— ~The 
contr: ct for instal 


to Charles Se hulz. 1 
James McCrea 19 North Carrollton 


Petersburg—The 1 
5 Ave., New York City, 
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power house. Work will be done by day 
labor. 

0., Cleveland— The Bd. Educ... his 
awarded the contract for a 1 story, 30 x 66 
ft. heating plant at East 92nd St. and Park- 
gate aon to the Drummond Miller Co., 
4500 Euclid Ave., at $100,000. 


0., Cleveland—The city has awarded th: 
contract for furnishing and installing two 
8,000,000 gal. and one 4,000,000 gal. moto: 
driven vertical centrifugal pumps with mo 
tors, electrical equipment, ete., to the Dravo 
Doyle Co., Diamond Bank Bldg., Pittsburgh. 
Pa., at $20,736. Noted March 16 

Mich., Detroit — The Chinese Merchants’ 
Association, 187 3rd St., has awarded th: 
contract for a 5 story, 78 x 185 ft. hote! 
including a steam he ating system on Wood 
ward Ave. to Shank & Co., 38 South Dear 
horn St., Chicago. About "$800,000. 


Mich., Ironwood—Alvord & Burdick, 1417- 
18 Hartford Bldg., Chicago, has awarde: 
the contract for «a pumping station, sul 
Stations and engineer’s residences to W. S 
Peters, Wakefield, at $62,613, and for cen 
trifugal pump — nt to the Lee Court 
nay Co. at $27,600. 


ill., endian: The Canton Bldg. Corp 
c/o Fugard, Knapp & Walter E. Perry, 
Archts., 64 East Van Buren St., has award- 
ed the general contract for a 3 story, 80 » 
111 ft. restaurant including a steam heat 
ing system and refrigeration plant on Wa:- 
bash and Van Buren Sts. to Henry Ericson 
Co., 189 North Clark St. About $200,000. 

la., Cushing—.A. H. Bullock, Secy. of th: 
bd. Edue., has awarded the contract for the 
installation of a he ‘ating and plumbing sys- 
tem in the proposed 3 story, 59 x 111 fit 
school to O. J. Saquety, Holstein, at $19,100, 
Noted Dee. 23. 

[a., Larabee—H. Montgomery, Secy. of 
the Bd. Educ., has awarded the contract for 
the installation of a héating and plumbing 
system in the proposed 8 story, 82 x 139 
ft. school to the Mathew Plumbing Co., 
LeMars, at $23,000. 








Ia., Morning Sun—O. F. Boller, Secy. of 
the Bd. Hduc., has awarded the contract for 


the installation of a heating and plumbing 
system in the proposed 2 story, 56 x 1°20 ft 
school to Carstens Bros., Aekley, at $27 
174. Noted March 23. 

la., Packwood—N. Kk. Olliver, Secy of th: 
Bd. Edue., has awarded the contract fo: 
the installation of a plumbing and heating 
system in the proposed 2 story, 58 x 99 ft 
school to the W. D. Reed Plumbing and 
Heating Co., 3405 Independent Ave., Kansas 
City, Mo., at $18,675. Noted March 25. 


fa,, Pocahoutas—\WV. J. Gilchrist, Pres. of 
the School Bd., has awarded the contract 
for the installation of a heating and plumb- 
ing system in the }-roposed 2 story, 56 x 
110 ft. school, to Thomas Reinhart, LeMars, 
at $25,000, 

Minn., Deer River—The Bd.” Educ. has 
awarded the contract for the installation of 
a heating and ventilating system in the 
proposed 2. story school here to D. R 
Black & Co.. 314 West 1st St, Duluth, at 
$26,186. Noted March 30. 


Kan., Bushong—The Missouri Pacific Ry 
Co., Ry. Exch. Bldg., St. Louis, Mo., has 
awarded the contract for a new water 
service system ineluding a pump house. 
steel tank, distributing system, engine and 
pump here to Joseph EF. Nelson & Sons, 
3240 South Michigan Blvd., Chicago, Ill 


Mo., St. Louis — The city has awarded 
contract for one 220 brake hp. horizontal, 
single, direct-connected side crank engine 
for the sanitarium pumping station to the 
Chuse Engine & Mfg. Co., 721 Olive St.. at 
$8,917. 

Mo., St. Louis—The General Natl. Bank, 
I’way and Olive St.. has awarded the con- 
tract for altering building on 7th and Olive 
Sts., to R. S. Price, Arcade Bldg., at $10.- 
Hoa, \ 15-ton refrigerating plant will 1} 
installed in same. 


Ont., Hamilton — The Firestone Tire « 
Rubber Co., Sherman Ave., has awarded 
ihe general ‘contract for a 4 story tire and 
rubber factory on Sherman Ave. to tli 
Piggott Healey Constr. Co., 36 James 5S! 
South, at $500,000. Contraet for installing 
heating, ete., in Same will be sublet. 
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Electrical prices on following page 
Mississippi. 








are prices to the power plant by jobbers in the larger buying centers east of the 
Elsewhere the prices will be modified by 


increased freight charges and by local conditions. 





POWER-PLANT SUPPLIES 





HOSE— 

Fire 50-Ft. Lengths 
NN 20 on iegeas caiie iwc > asa acnanalo Bl@iaae ananens 85c. per ft. 
a PIII oa. ae Pic yoenrcu gence oS cL, panes actrees earns 30% 


Air 
First Grade Second Grade Third Grade 
$0. 60 $0.40 $0.30 


Si MT Te oss see ees 
Steam—Discounts fon 2 sist 


Virst grade... 20% Second grade...... 30% Third grade 45°, 


RUBBER BELTING—The following discounts from list 

ynission rubber and duck belting: 

Competition oO; 
30-10% 


Standard 

~ * ee BELTING—Present{idiscounts from list in fair quantities (4 doz 

rolls): 

Light Grade Medium Grade Heavy Grade 
30% 25% 20°, 





apply to trans- 


Best grade... 20°; 








For cut, best grade, 25%, 2nd grade, 30% 
RAWHIDE LACING }{ For laces in sides, best, 79¢ per sq. ft.; 2nd, 75c. 
a femi-tanned: cut, 20%; sides, 83c per sq. ft. 


PACKING—Prices per pound: 








Rubber and duck for low-pressure steam...... Sachs $1.00 
Asbestos for high-pressure steam. . , 1 70 
Duck and rubber for ane packing 1.00 
Flax, regular... 1. 20 
Flax, waterproofed 1.70 
Compressed asbestos sheet. ........... 90 
Wire insertion asbestos sheet................... as 1.50 
Rubber sheet... ... a : 50 
Rubber sheet, wire insertion ee nok Grace 70 
ee es I IN ono as eck b dein sccwedcaciebecieadecenamen .50 
Rubber sheet, cloth insertion. .............. 30 
Asbestos pac king, twisted or braided and gre anne d, for valve stems and 
stuffing boxes Sens. : 1.30 
Asbestos wick, }- and I-lb. balls a .85 
_ AND BOILER C SOVERING—Below are part of standard in with 
discounts. 
PIPE COVERING BLOCKS AND SHEETS 
Standard List Price 
Pipe Size Per Lin.Ft. Thickness per Sq.Ft. 
1-in. $0.27 }-in. $0.27 
2-in. 36 1 -in . 30 
6-in. 80 1}-in 45 
4in. 60 2 -in. .60 
3-in. 45 2}-in. 75 
8-in. 1.10 3 -in. .90 
10-in. 1.30 3}-in. 1.05 
OEOr, I III, ong 5 as ese Seen oe steed Sislee List 
{ I as nica tee direc 50% off 
For low-pressure heating and return lines 3-ply 52%, off 
| 2-ply 54% off 





GREASES—Prices are as follows in the following cities in cents per pound 
for barrel lots: 











Cin- St. Bir- 
cinnati Chicago Louis mingham Denver 
ere 8} 6.6 8i@ ; 8} 13} 
Fiber or sponge <a 8} 8.6 8i@ 93 | 20 
lransmission....... 10 8.1 12@14 8} 20 
Axle... acess 4.8 5i@ 6} 5% 7} 
ee ere 6} 6.1 61@ 6} 53 8} 
Car journ: al. 12(gal.) 47 85 @% 8} 8: 
COTTON WASTE—The following prices are in cents per pound: 
New York 

Current One Year Ago Cleveland Chicago 

White. 15 .00@ 17.00 13. 16.00 11.00 to 14.00 


9.00@14.00 9 00 to 12.00 12.00 
WIPING CLOTHS —Jobbers’ price per 1000 is as aaa 


9. 50 to 12.00 


Colored mixed. - 








34x 133 134 x 20} 
MOEN fo OSs se Stents 5 aie gaan ean al glariaceee re $55.00 $65.00 
Chicago... BP RE re PT ere ee a ae ee 41.00 43.50 
LINSEED OIL—These prices are per gallon: 
—— New York —— ——Chicago-— --~ 
Current One Current One 
Year Ago Year Ago 
Raw in barrels (5 bbl. settee $1.53 $1.90 $2.62 $2.10 


‘gal. cans... . 1.56 2.03 2.28 2.30 


*To this oil price mast be added the cost of the cans (returnable), which is 
$2.25 for a case of six. 


WHITE AND RED LEAD—Base <= - pound: 
e 














_— _—- White- 
Current 1 Year Ago Current | Yr. Ago 
Ty ry 

and und | 

Dry In Oi) Dry In Oil In Oil In Oil 

a 15.50 17.00 13.00 14.50 15.50 13.00 
25. tind cia -Ib. hems. 15.75 i: re 13.25 14.75 15.75 13.25 
12i8b. keg........ 16.00 17.50 13.50 15.00 16.00 13.50 
a ee 18.50 ee 15.00 16.50 15.00 15.00 
5-Iy, cans. 20.50 22.0 16.00 17.50 16.00 16.00 


5001}, lots less 10°% aiseount; 2000 D lots less 10-23%. 








RIVETS—The following quotations are allowed for fair-sized orders from wire- 











house: 
New York Cleveland Chicago 
Steel yy and smaller............. List net. 30% 30°; 
ERE Cais See tee List net 30% 30°, 
Boiler rivets, }, 3, ! in. diameter by 2in. to Sin. sell as follows per 100 Ib 
New York . $6.90 Chicago...... $5.62 Pittsburgh. ......$4 50 
_ Structual rivets, same sizes: 
New York Chicago....... $5.72 Pittsburgh... $4 60 
REFRACTORIES—Following prices are f. 0. b. works, 
Bauxite brick, 56% alumina, f.o.b. Pittsburgh. . wae. $145 
Chrome brick, f.o.b. Chester, Pa., earlots. . * net ton 90- 100 
Chrome brick, 9in. strs. agg sizes, f.0.b. Baltimore. net, ton 90 95 
File clay brick, Ist quality, 9 in. shapes. f.0.b. Pennsyl- 
vania, Ohio: and Kentucky works. ... - ~< wee 45 53 
Fire clay brick, Ist quality, f.o.b. St. Louis. M. 45 
Fire clay brick, Ist quality, f.o.b. New Jersey... M. 75 
Fire clay brick, 2d quality, 9 in. shapes. f.o.b. Pennsyl- 
vania, Ohio and Kentuc ky works... M 40 
Magne: site brick, Jin. straights, f.0.b. Baltimore net ton 109 
Magnesite brick. 9in. sizes and sh: apes larger than 9 in. Regular extras 
Magnesite brick, f.o.b. C ‘hester..... net ton 90- 100 
Silica brick, 9 in. and 9 in. sizes, f.o.b. works, ‘Chics ago 
district... Scie Siew pales siete lien M. 55 
Silica brick, f.o.b. Birmingham. EC re ee M 51 55 
Silica brie k, f.o.b. Mt. Union, Pa engage ass M 50 55 
BABBITT METAL—Warehouse prices in cents per pound: 
——New York—— —— Cleveland — — 
Current One Current One Current One 
Year Ago Year Ago Year Avo 
Best grade.... 90.00 87.00 74.50 79.090 60.00 75.00 
Commercial... 50.00 42.00 21.50 17.50 15.00 15.00 





SWEDISH (NORWAY) IRON—The average price per 100 Ib., in ton lots, is: 
Current One Year Agu 


PEON: ecciredicloncine<v ci areiaenineninne aaa eae $20.00 25 . 50-30.08 
RON 5. racist eSigioroesnd cibere neremieeareelsebIe ns 20. 00 20 00 
TO 0's. x ta a peer ceraee ate noeoas 21.00 16 50 


Tn coils an odes ance . of 50c. usually is charged. 
Domestic iron (Swedish analysis) is selling at 12c. per lb. 





SHEETS—Quotations are in cents per pound in various cities from warehouse; 
also the base quotations from mill: 








Large New York 
Mill Lots One 

Blue Annealed Pittsburgh Current Year Ago Cleveland Chicago 
No. 10 ‘ 3.55-7.00 7.12@8.00 4.57 8.10 7.02 
ls See ee 3.60-7.05 7.17@8.05 4.57 8.15 7.07 
SS Serene 3.65-7.10 7.22@ 8.10 4.67 8.20 7.42 
No. Has .... 3.75-6.20 7.32@ 8.20 4.77 8.30 7.22 

Slack 
Nos. 18 and 20. 4.20-6.20 7.80@9.50 5.30 8.70 7.80 
Nos. 22 and 24 4.25-6.25 7.85@9.55 5.35 8.75 7.85 
i 4.30-6.30 7.90@9.60 5.40 8.80 7.90 
No. 28 4.35-6.35 8.00@9.70 5.50 8.90 8.00 
Galvanized 

No. 10 4.70-8.00 8.55@11.00 6.20 9.00 8.15 
No. 12 4 80-8.10 8.65@ 11.00 6:25 9.10 8.20 
No. 14 4.80-8.10 8.65@ 11.10 6.30 9.10 8.35 
Nos. 18 and 20 5.10-8.40 8.90@11.40 6.60 9.40 8.65 
Nos. 22 and 24 5.25-8.55 9.05@11.55 6.75 9.55 9.05 
No. 26 5.40-8.70 9.20@11.70 6.90 9.70 9. 2 
No. 28 5.70-9.00 9.50@ 12 00 7.20 10.00 9. 5( 





STEEL AND IRON—The following discounts are to jobbers for earload lots o 1 
the Pittsburgh basing card, discounts on ree c ‘ pipe, applying as from January 1:}, 
1920, and on iron pipe from January 7, 1920 


BUTT WELD 


Inches Black Galv. Inches Black Galv 
er 57 @54 440.41} ito ty..... 344@243 18i@ 8 
Zand 2}.... 33% 173 
LAP WELD 
50!:@47 = 38@34} pasa iuaeuieta d 283@ 20} 144@ 6} 
23 to 6 533@50 41037} 23 to 6..... 30: @22) = 17}@ 9} 
7 to 12 503}@47 37@33} sk: a 273@ 19} 144@ 6} 
13 and 14 Ct) ee 
_ eee ck ae 
BUTT-WELD, EXTRA STRONG, PLAIN ENDS 
‘to lh... 551@52 393 ‘to 341@24! 19:@ 97 
7 ee 56353 = 4400.40} 2 and 23.. 345@ 24) 9i@ 9} 
LAP WELD, EXTRA STRONG, PLAIN ENDS 
| 483}@45 37@33} 291@ 213 163, 8! 
23 to 4... 51048 4036) 23 to 4... 313@ 23} 19,@11' 
4} to6.. 503(@ 47 39@) 35) 45 to 6.... 303 (@ 22} 18) (10: 
7 to 8 463(043 = 33@29) 7 to 8 223@, 143 10i@, 2! 
9to 12 41:38 = 28@24! 9 to 12 7i@ 9} sha 53 
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BOILER TUBES—tThe following are the prices for carload lots, f. o. b. Pitts- 


burgh: 
Lap Welded Steel Charcoal Iron 
3} to 4} in....... 40} ce aa 15} 
2} NS le cicthaie-a 6 we 5-08 30} 6) See 1 
24 in. Ss RP EE ene 24 2} to 2} in + 1 
13 to 2 in waesieea chy 19} Sit Ns, aes. cosly ee Sasarnace +16 
2 Of eee +29 
Standard Commercial Seamless—Cold Drawn or Hot Rolled 
Per Net Ton Per Net Ton 
DON dconwe adie eaten eed, ee Ne stat ararutathataricaie wre $207 
1} in. ica eieteia clcnaaetcen 267 OS eee ae 177 
EL Sua o-daaeg } ucalai as Wolice ata 257 ~ - a 167 
U in... 207 | 187 
44 to 5in.... 207 


These prices do not apply to special specific ations for locomotive tubes nor to 
special specifications for tubes for the Navy Department, which will be subject to 
special negotiations. 


ELECTRICAL SUPPLIES 


ARMORED CABLE— 











Two Cond. Three Cond. 














B. & S. Size TwoCond. Three Cond. Lead Leac 
M Ft. M Ft M Ft. M Ft. 
No. 14 solid..... $104. 00(net) 1 00 $164.00 $210.00 
No. 12 solid..... 135.00 70.00 225.00 65. 
Ne. 10 solid .. 185.00 5 00 275.00 325.00 
No. 8 stranded... 285.00 375.00 520.00 00. 
No. 6stranded... 400.00 500.00 5 re 
From the above lists discounts are: 
Less than coil lots...... re Penns gid diereeaners +15% 
Coils to 1,000 ft........ Sy ene List Net 
1,000 ft. and over...... oe ae 4 
BATTERIES, DR Y—Regular No. 6size dest, © Cc senda, ot ver-Ready: 
Each, Net 
no ae 6-0 ub Kame bake aie idimrede cure Rwieeden Molle dc emaaRee 0.45 
5) RE eae rer 38 
te Ne eae og ae awin Sai.se bee ae an eo 
NN CR a EE TT DE ee Et Pe ee ae 
CONDUIT, ELBOWS AND COUPLINGS—These prices are in 100-Ib. lots, 


f. o. b. New York, with 10-day discount of 5 per cent. 








——- Conduit -——. — Elbows ——- Couplings =) 
Black Galvanized “Bl ack Galvanized Black Galvanized 
Size, 2,500 to 2,500 to 2,500 to 2,500 to 2,500 to 2,500 to 
In. 5,000 Lbs. 5,000 Lbs. 5,000 Lbs. 5,000 Lbs. 5,000 Lbs. 5,000 Lbs 
i 85.00 93.50 22.00 524.60 6.65 7.30 
: 11.56 126.50 29.00 32.00 11.25 12.37 
1 170.00 187.00 41.00 45.00 15.50 17.00 
Ii 230.00 253.00 52.00 57.00 20.70 23.60 
1} 275.00 302.50 70.05 78.00 25.00 27.50 
2 375.00 403.00 130.00 145.09 33.70 37.00 
24 585.00 613.80 210.00 235.00 47.50 53.00 
3 765.00 841.50 560.00 620.00 70.00 78.00 
34 920.00 1,012.00 1,350.00 1,485.00 92.00 114.00 
4 1,170.00 1,287.00 1,469. 00 1,617.00 115.00 140.00 
Standard lengths rigid, 10 ft. Standard lengths flexible, } in., 100 ft. Standard 
lengths flexible, } to 2 in., 50 ft. 
CONDUIT NON-METALLIC, LOOM— 
Size I. D., In. Feet per Coil List, Ft. 
vs 250 $0.05; } 
i 250 .06 
3 250 .09 
} 200 .12 
3 200 Sp Coils..... .40% off 
} 150 .18 Less coils, 25% off 
1 100 .25 
It 100 33 
I Odd lengths . 40 | 
2 Odd lengths x J 





CUT-OUTS—Following are net prices each in standard-package quantities: 
CUT-OUTS, PLUG 

















8 8 eee $0.12 = P. D.B. $0.43 
2 & Sa er 21 P.toD.P.S.B. 26 
T. P. M.L 33 T A See 38 
8 ree .23 *. F. & B....... .64 
CUT-OUTS, N. E. C. FUSE 
0-30 Amp. 31-60 Amp. 60-100 Amp. 
a. PF. Me. My ret eee $0.50 $1.30 $1.68 
J) 28 | Sg eee Sere 70 1.70 2.40 
D. PSB ietiy smite 63 1.60 ae 
_& & 5 Seen '.95 2.40 
D. eS aa owen ak aed 1.10 3.00 
.P.D.B ; 1.90 5.40 
“ P to D. P. D.B 1.30 3.80 
FLEXIBLE CORD—Price per 1,000 ft. in coils of 250 ft 
Ne. 18 cotton twisted. $23.00 
Beas, WIN III So. 565s ces diccecoeueere 27.50 
No. 18 cotton parallel. . 26.50 
No. !6 cotton parallel 34.50 
No. 15 cotton reinforced heavy 38.00 
DOG, 50 GE PIII IE oo. c c ecccccee sie eet i hsdteseweewloweens 45.00 
No. 14 cotton reinforced light Pie Dore 5 6S ipo Aaa aie 33.50 
No. 16 cotton reinforced light. ................000- achiever ee Stata ee aan 39.50 
No. 18 cotton Canvasite cord..........-.scccccees 30.00 
No. 16 cotton Canvasite cord 33.50 
FUSES, ENCLOSED—- 
250-Volt Std. Pkg List 
3-amp. to 30-amp............ 100 $0.25 
35-amp. to 60-amp.. 100 .35 
ee ree err ters oe eee 50 .90 
I inca inary nip cag oi Maiare weet a teiece edratim 25 2.00 
I SOIR, 660 a oe neitsielmniecenasleeee chines 25 3.60 
SE SIMONI i si0es vives coseeses es 10 5.50 





600-Volt 





IR aR RP ES a EE 100 $0.40 
CT SUNN. 5. ok co tikc ce since gdcmee'sqarne neceies 100 60 
ocd ota eckcra oleh amide Serb oe elm meer 50 1.50 

a 5 3.5 dS peda 001 8 sng RnS w/a STS SATS 25 2.50 
I PII 655.0 So. is «soni kcwrarn eee Mea cawaeee Oe 25 5.50 
ca as eek rai cave ch wigesansnioe 10 8.00 
Discount: Less I-5th standard SRE ENS 15% 
. 1-5th to standard ealeueet AER Pi et tn 28% 
Standard package ea ere ee 45% 
FUSE PLUGS, MICA CAP— 
0 -30 ampere, standard package B akasin eve aiaones ela eG ieee eae aro $5. 25C 
0 30 ampere, less than standard pac kage parece ravemis 6. 00¢ 





LAMPS—Below are present quotations in less than standard package quantities 





—— Straight-Side Bulbs ———. ———— Pear-Shaped Bulbs 
Mazda B ; Mazda C— 

No. in No. in 

Watts Plain Frosted Package Watts Clear Frosted Pacl:- x» 
10 $0.40 $0.45 100 7 75 $0.80 20 
15 40 45 100 100 .10 > 24 
25 40 45 100 150 1.3 1.70 24 
40 40 .45 100 200 2.10 2.36 24 
50 40 45 100 300 3.15 3.40 24 
60 45 50 100 12 
500 4.60 4.90 12 
750 6.50 6.90 8 


1,000 7.50 
Standard quantities are subject to discount of 10°% from list. Annual contracts 
ranging from $150 to $300,000 net allow a discount of 17 to 40% from list. 





PLUGS, ATTACHMENT— 





Eacl 

Porcelain separable attachment plug. ..............2cceecceccccccees $0.24 

Composition 2-piece attachment plug..................20 ce eee eeeee 

Swivel attachment plug.................. . 20 

Current taps 40 

RUBBER-COVERED COPPER WIRE—Per 1000 ft. in New \ ork. 

Solid Solid Stranded, 

No. Single Braid Double Braid Double Braid Duplex 
14... $12.50 $15.50 $17.00 $28 .50 
_- SR Ree ae 14.96 18.50 21.45 35.60 
ee 20.62 24.75 28.05 46 .00 
8 28.90 33.30 38.50 66.00 
6... ee = Swan 
4. ae www 
cle. tikeuubeats eae  “sanmanes Uf ee 

DS tieeSekatheowes ayes ee .§ YoemelRe ee 
eile matosetintnae Myatt Weltecals 181.50 
DeivntcneSceaateae:  Apadives 220.00 

MGR t SE ES eee Gn atari a. 
DR sv accnee 330.00 


Prices per 1000 ft. fer Rubber- Covered Wire in Following Cities: 























Denver ——— ——- Birmingham ——~ St. Louis— 
Single Double Single Double Single Double 
Braid Braid Duplex Braid Braid Duplex Braid Braid Duplex 
14 $15.64 $38.45 $12.23 $38.64 $14.00 $19.75 $38.00 
10 24.50 pers 27.60 65 57 23.25 26.25 59.50 
8 33.48 $56.81 38.64 87.33 32.60 36.00 80.20 
6 77.2 69.12 . 52.05 $7.75 
4 108.10 $107.42 80.45 82.75 
2 142.00 sa 138.46 ...... 120.90 123.65 
I 2 Seer if 156.95 160.45 
0 SSE ees fee 195.50 195.50 . 
00 OS ee | ee : ie % 
000 279.60 BME eck teins) ade Koes 
Re ee hee : 389.17 : 
Pittsburg—23c. base; discount 50%. St. Louis—30c. base. 
SOCKETS, BRASS SHELL— 
——— } In. or Pendant Cap ——— - — 3} In. Cap ——— 
Key Keyless Pull Key Keyless Pull. 
Each Each Each Each Each Each 
$0. 33 $0.30 $0.60 $0.39 $0. 36 $0.66 
Less 1-5th standard package. . Hog Rash incre ene +-50% 
1-5th to standard package....................0... +20% 
Standard package... —-10% 
WIRE, ANNUNCIATOR AND DAMPPROO®P Crricn— 
No. 18 B. & S. regular spools (approx. 8 Ib.) ........................ 55c. Ib 
Deo. OO OU. GG. We Vote, COU. own oc vce ewccccbenceeees 56c. Ib 
WIRING SUPPLIES— 
Friction tape, } in., less 100 Ib. 60c. Ib., 100 I. lots. ... 55c. Ib 
Rubber tape, 3 in., less 100 Ib. 65c. Ib., 100 Ib. lots... 0... 0... 60c. Ib 
Wire solder, less 100 Ib. 47c. Ib., 100 Ib. lots... 0.0200. 42c. |b 
Soldering paste, 2 oz. cans Regt atrer Uhr ners teicara ik edna na Fare Cae $1.20 doz 
SWITCHES, KNIFE— 
TYPE “C” NOT FUSIBLE 
Size, Single Pole, Double Pole, Three Pole, Four Pol 
Amp. Each Each Zach ve! 
30 $0.42 $0.68 $1.02 $1. 36 
60 74 1.22 1.84 2.44 
100 1.50 2.50 3.76 5.00 
200 2.70 4.50 6.76 9 at 
TYPE “C” FUSIBLE, TOP OR BOTTOM 
30 .70 1.06 i 60 2.1 
60 1.18 1.80 2.70 3 
100 2.38 3.66 5.50 7. 
200 ™ 4.40 6.76 10.14 13 
Discounts: 
Less than $10.00 list value...............0eeeeeeee. +25% 
. 2.) eer ae +10% 
re OUI WIE... . 6-6 deo 0.0 6.6.0.06-000.000%0e 05 +5 
ee I SD oe vos chai dotleseosinucedie se 


eee ae 





